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INTRODUCTION 


General Description — For many years TTL has been the 
most popular digital integrated circuit technology, 
offering a good compromise between cost, speed, power 
consumption and ease of use. As the price of TTL circuits 
decreased and the average IC complexity increased to MSI 
(medium scale integration), the cost and size of the power 
supply and the difficulty of removing the heat dissipated 
in the TTL circuits became increasingly important factors. 
Recent improvements in semiconductor processing have 
made it possible to not oniy reduce TTL power 
consumption significantly, but also to improve the speed 
over that of standard TTL. 


LS Low Power Schottky TTL family combines a current 
and power reduction by a factor 5 (compared to 7400 
TTL) with anti-saturation Schottky diode clamping and 
advanced processing, using shallower diffusions and higher 
sheet resistivity to achieve circuit performance better than 
conventional TTL. With a full complement of popular 
TTL functions available in LS, Low Power Schottky is 
destined to become the dominating TTL logic family. 


LS represents more than just a conventional speed versus 
power trade-off. This is best illustrated by Figure 7 which 
compares LS to other TTL technologies. Note that LS 
dissipates eleven times less power than S or 74S, suffering 
a delay increase of only 1.7 times. 


To the system designer the advantages of this new TTL 
family are many: 


@ Less supply current allows smaller, cheaper power 
supplies, reducing equipment cost, size and weight. 


@ Lower power consumption. means less heat is 
generated, which simplifies thermal design. Packing 
density can be increased or cooling requirements 
reduced, or perhaps both. The number of cooling fans 
can be reduced, or slower, quieter ones substituted. 


@ Reliability is enhanced, since lower dissipation causes 
less chip temperature rise above ambient; lower 
junction temperature increases MTBF. Also, lower chip 
current densities minimizes metal related failure 
mechanisms. 


@ Less noise is generated, since the improved transistors 
and lower operating currents lead to much smaller 
current spikes than standard TTL, which means that 
fewer or smaller power supply decoupling capacitors 
are needed. In addition, load currents are only 25% of 
standard TTL and 20% of HTTL, which means that 
when a logic transition occurs that current changes 
along signal lines are proportionately smaller, as are the 
changes in ground current. Rise and fall times, and thus 
wiring rules, are the same as for standard TTL and 
more relaxed than for HTTL or STTL. 


@ Simplified MOS to TTL interfacing is provided, since 
the input load current of LSTTL is only 25% of a 
standard TTL foad. 


Ideally suited for CMOS to TTL interfacing, CMOS and 
most other 4000 or 74C CMOS are designed to drive 
one LS input load at 5.0 V. The LS can also interface 
directly with CMOS operating up to 15 V due to the 
high voltage Schottky input diodes. 


Best TTL to MOS or CMOS driver. With the modest 
input current of MOS or CMOS as a load, any LS 
output will rise up to within 1 V of Vcc, and can be 
pulled up to 10 V with an external resistor. 


@ Interfaces directly with other TTL types, as indicated 
in the input and output loading tables. 


e The functions and pinouts are the same as the familiar 
7400/9300 series, which means that no extensive 
learning period is required to become adept in their 
use. 


DELAY-POWER PRODUCT FOR 
POPULAR LOGIC FAMILIES 
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Circuit Characteristics 

The LS circuit features are easiest explaned by using the 
LSOO 2-input NAND gate as an example. The 
input/output circuits of all LS TTL, including, SS!, MSI 
are almost identical. While the logic function and the 
basic structure of LS circuits are the same as conventional 
TTL, there are also significant differences, as explained 
below: 





Input Configuration 

LSTTL is considered part of the TTL family, but it does 
not use the multi-emitter input structure that originally 
gave TTL its name. All LS TTL, with the exception of 
some early designs, employ a DTL-type input circuit 
which uses Schottky diodes to perform the AND 


function. Compared to the classical multi-emitter 
structure, this circuit is faster and it increases the input 
breakdown voltage to 15 V. Each input has a Schottky 
clamping diode which conducts when an input signal goes 
negative, as indicated by the input characteristic of Figure 
3. This helps to simplify interfacing with those MOS 
circuits whose output signal tends to go negative. For a 
long TTL interconnection, which acts like a transmission 
line, the clamp diode acts as a termination for a 
negative-going signal and thus minimizes ringing. 
Otherwise, ringing could become significant when the 
finite delay along an interconnection is greater than 
one-fourth the fall time of the driving signal. 


The effective capacitance of an LSTTL input is 
approximately 3.3 pF. For an input which serves more 
than one internal function, each additional function adds 
1.5 pF. 





TYPICAL INPUT CURRENT- 
VOLTAGE CHARACTERISTIC 
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Vin — INPUT VOLTAGE — V 


Output Configuration 

The output circuits of Low Power Schottky TTL have 
several features not found in conventional TTL. A few of 
these features are discussed below. 


@ The base of the pull-down output transistor is returned 
to ground through a resistor-transistor network instead 
of through a simple resistor. This squares up the 
transfer characteristics since it prevents conduction in 
the phase-splitter until base current is supplied to the 
pull-down output transistor. This also improves the 
propagation delay and transition time. (See Figure 4) 


@ The output pull-up circuit is a 2-transistor Darlington 
circuit with the base of the output transistor returned 
through a 5 kQ resistor to the output terminal. (Unlike 
74H and 74S where it is returned to ground, which isa 
more power consuming configuration). This 
configuration allows the output to pull-up to one Vee 
below Vcc for low values of output current. 


e As a unique feature, the LS outputs use a Schottky 
diode in series with the Darlington collector resistor. 
This diode allows the output to be pulled substantially 
higher than Vcc (e.g., to +10 V, convenient for 
interfacing with CMOS). For the same reason the 
parasistic diode of the base return resistor is connected 
to the Darlington common collector, not to Vcc. 
Some early LS designs — the LS04, 32, 37, 40, 86, 
112, 113, 114, 196, and 197 — do not have the 
diode in series with the Darlington collector resistor. 
These outputs are, therefore, clamped one diode drop 
above the positive supply voltage (Vcc). These older 
circuits also contain a “speed-up” diode that supplies 
additional phase splitter current while the output goes 
from HIGH to LOW and also limits the maximum 
output voltage to one diode drop above Vcc. Since 
this is the fastest transition even without additional 
speed-up, this diode is omitted in all new designs. 


Output Characteristics 
TYPICAL OUTPUT VERSUS 


Figure 5 shows the LOW state output characteristics. INPUT VOLTAGE 
For low Io, values, the pull-down transistor is clamped CHARACTERISTIC 
out of deep saturation which contributes to speed. The 
curves also show the clamping effect when Io; tends 
to go negative, as it often does due to reflections on a 
long interconnection after a negative-going transition. 
This clamping effect helps to minimize ringing. 


The waveform of a rising output signal resembles an 
exponential, except that the signal is slightly rounded 
at the beginning of the rise. Once past this initial round- 
ed portion, the starting edge rate is approximately 
0.5 V/ns with a 15 pF load and 0.25 V/ns with a 50 
pF load. For analytical purposes, the rising waveform 
can be approximated by the following expression. 


Vout — OUTPUT VOLTAGE - V 


05 10 15 2.0 
Vin — INPUT VOLTAGE - V 


v(t) = Vor + 3.7 [1 — exp (+t/T)] 


TYPICAL OUTPUT CURRENT- 
VOLTAGE CHARACTERISTIC 


where 
Pie | TL 
T = 8 ns for C; = 15 pF ; = 
WwW 
= 16 ns for C, = 50 pF < | 
re) WA, 
The waveform of a falling output signal resembles that rd | fFwe || 
part of a cosine wave between angles of 0° and 180°. a 4 
Fall times from 90% to 10% are approximately 4.5 ns S 
with a 15 pF load and 8.5 ns with a 50 pF load. Equiva- uf 
lent edge rates are approximately 0.8 V/ns and 0.4 2 
V/ns, respectively. For analytical purposes, the falling 
waveform can be approximated by the following ex- "-5 
pression. loL — OUTPUT CURRENT — mA 





v(t) = Vo + 1.9 w(t) [1 + cos wt] — 1.9 u(t-a) [1 + cos w(t-a)] 


where For t in nanoseconds and C, = 15 pF, 
u(t) =O fort <0 a=7.5 ns, w = 0.42 
=1fort>0 
For C; = 50 pF, 
and 


a=14ns, w =0.23 
u(t-a) = O fort<a 
=1fort>a 
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AC Switching Characteristics 


The average propagation delay of a Low Power Schottky 
gate is 5 ns at a load of 15 pF as shown in Figure 6. The 
delay times increase at an average of 0.08 ns/pF for 
larger values of capacitance load. These delay times are 
relatively insensitive to variations in power supply and 
temperature. The average propagation delay time 
changes less than 1.0 ns over temperature and less than 


tpp — PROPAGATION DELAY — ns 


Atpp — PROPAGATION DELAY CHANGE — ns 





TYPICAL PROPAGATION DELAY 
VERSUS LOAD CAPACITANCE 





ie) 20 40 60 80 100 


Ci — LOAD CAPACITANCE -— pF 


Fig. 6. 


PROPAGATION DELAY CHANGE 
WITH TEMPERATURE 





—75 ~25 +25 +75 +125 
Ta — AMBIENT TEMPERATURE — °C 


Fig. 8. 
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0.5 ns with Vcc for the military temperature and volt- 
age ranges. (See Figures 8 and 9). 


The power versus frequency characteristics of the LS 
family, as shown in Figure 7, indicate that at operating 
frequencies above 1 MHz the Low Power Schottky de- 
vices are more efficient than CMOS for most applica- 
tions. 


TYPICAL POWER 
DISSIPATION VERSUS INPUT 
FREQUENCY FOR SEVERAL 
POPULAR LOGIC FAMILIES 
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Fig. 7. 


PROPAGATION DELAY CHANGE 
WITH SUPPLY VOLTAGE 


Ta =+25°C 





Atpp — PROPAGATION DELAY CHANGE — ns 


4 
4.5 4.75 5.0 5.25 5.5 
Vcc — SUPPLY VOLTAGE - V 


Fig. 9. 





DEFINITION OF SYMBOLS AND TERMS USED IN THIS DATA SHEET 


CURRENTS — Positive current is defined as conventional current flow into a device. Negative current is 
defined as conventional current flow out of a device. All current limits are specified as absolute values. 


Icc Supply current — The current flowing into the Vcc supply terminal of a circuit with the 
specified input conditions and the outputs open. When not specified, input conditions are 
chosen to guarantee worst case operation. 





WH Input HIGH current — The current flowing into an input when a specified HIGH voltage 
is applied. 

Ne Input LOW current — The current flowing out of an input when a specified LOW voltage 
is applied. 

IOH Output HIGH current — The leakage current flowing into a turned off open collector out- 


put with a specified HIGH output voltage applied. For devices with a pull-up circuit, the 
lOH is the current flowing out of an output which is in the HIGH state. 


loL Output LOW current — The current flowing into an output which is in the LOW state. 


los Output short circuit current — The current flowing out of an output which is in the HIGH 
state when that output is short circuited to ground (or other specified potential). 


loZH Output off current HIGH — The current flowing into a disabled 3-state output with a speci- 
fied HIGH output voltage applied. 


lozL Output off current LOW — The current flowing out of a disabled 3-state output with a speci- 
fied LOW output voltage applied. 


VOLTAGES ~— All voltages are referenced to ground. Negative voltage limits are specified as absolute 
values (/.e., —10 V is greater than —1.0 V). 


Vec Supply voltage — The range of power supply voltage over which the device is guaranteed 
to operate within the specified limits. 


Vep(MAx) _ [nput clamp diode voltage — The most negative voltage at an input when 18 mA is forced 
out of that input terminal. This parameter guarantees the integrity of the input diode which 
is intended to clamp negative ringing at the input terminal. 


Vin Input HIGH voltage — The range of input voltages that represents a logic HIGH in the 
system. 


VIH(MIN) _ Minimum input HIGH voltage — The minimum allowed input HIGH in a logic system. This 
value represents the guaranteed input HIGH threshold for the device. 


VIL Input LOW voltage — The range of input voltages that represents a logic LOW in the 
system. 


ViL(MAX) Maximum input LOW voltage — The maximum allowed input LOW ina system. This value 
represents the guaranteed input LOW threshold for the device. 


VOH(MIN) Output HIGH voltage — The minimum voltage at an output terminal for the specified out- 
put current Io}, and at the minimum value of Vcc. 


VOL(MAX) Output LOW voltage — The maximum voltage at an output terminal sinking the maximum 
specified load current Io,. 


DEFINITION OF SYMBOLS AND TERMS USED IN THIS DATA SHEET (Cont'd) 


VT+ 


VT- 


Positive-going threshold voltage — The input voltage of a variable threshold device 
(-e., Schmitt Trigger) that is interpreted as a Vj; as the input transition rises from below 


VT—(MIN): 


Negative-going threshold voltage — The input voltage of a variable threshold device 
(.e., Schmitt Trigger) that is interpreted as a Vj as the input transition falls from above 


VT+(MAX): 


AC SWITCHING PARAMETERS 


fMAX 


tPLH 


tPHL 


tw 


th 


tpHz 


‘PLZ 


tPZH 


tpZL 


trec 


Toggle frequency/operating frequency — The maximum rate at which clock pulses may 
be applied to a sequential circuit. Above this frequency the device may cease to function. 


Propagation delay time — The time between the specified reference points, normally 1.3 V 
on the input and output voltage waveforms, with the output changing from the defined 
LOW level to the defined HIGH level. 


Propagation delay time — The time between the specified reference points, normally 1.3 V 
on the input and output voltage waveforms, with the output changing from the defined 
HIGH level to the defined LOW level. 


Pulse width — The time between 1.3 V amplitude points on the leading and trailing edges 
of a pulse. 


Hold time — The interval immediately following the active transition of the timing pulse 
(usually the clock pulse) or following the transition of the control input to its latching level, 
during which interval the data to be recognized must be maintained at the input to ensure 
its continued recognition. A negative hold time indicates that the correct logic level may 
be released prior to the active transition of the timing pulse and still be recognized. 


Set-up time — The interval immediately preceding the active transition of the timing pulse 
(usually the clock pulse) or preceding the transition of the control input to its latching 
level, during which interval the data to be recognized must be maintained at the input to 
ensure its recognition. A negative set-up time indicates that the correct logic level may be 
initiated sometime after the active transition of the timing pulse and still be recognized. 


Output disable time (of a 3-state output) from HIGH level — The time between the 
1.3 V level on the input and a voltage 0.5 V below the steady state output HIGH level with 
the 3-state output changing from the defined HIGH level to a high-impedance (off) state. 


Output disable time (of a 3-state output) from LOW level — The time between the 1.3 V 
level on the input and a voltage 0.5 V above the steady state output LOW level with the 
3-state output changing from the defined LOW level to a high-impedance (off) state. 


Output enable time (of a 3-state output) to a HIGH level — The time between the 1.3 V 
levels of the input and output voltage waveforms with the 3-state output changing from a 
high-impedance (off) state to a HIGH level. 


Output enable time (of a 3-state output) to a LOW level — The time between the 1.3 V 
levels of the input and output voltage waveforms with the 3-state output changing from a 
high-impedance (off) state to a LOW level. 


Recovery time — The time between the 1.3 V level on the trailing edge of an asynchronous 
input control pulse and the 1.3 V level on a synchronous input (clock) pulse such that the 
device will respond to the synchronous input. 
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DESIGN CONSIDERATIONS 


Supply Voltage and Temperature Range tolerance (+500 mV) over an ambient temperature 
The nominal supply voltage (Vcc) for all TTL circuits is range of —55°C to +125°C. 

+5.0 V. Commercial grade parts are guaranteed to per- 

form with a +5% supply tolerance (£250 mV) over an TTL families may be mixed for optimum system design. 
ambient temperature range of O°C to 75°C. MiL-grade The following tables specify the worst case noise im- 
parts are guaranteed to perform with a +10% supply munity in mixed systems. 


Worst Case TTL DC Noise Immunity / Noise Margins 


Electrical Characteristics 
lee Military (86 to 1125°C)[Commercial (0 to 75°C)|__| 
Standard TTL (54/74) 0.8 | 2.0 | 0.4 2.4 | 0.8] 2.0 } 0.4 2.4 Vv 
High Speed TTL (54H/74H) 















10 |LSTTL | LowPower Schottky TTL (54LS/74LS) 
VOL and Vox are the voltages generated at the output. Vj_ and Vjp are the voltage required at the input to generate 
the appropriate output levels. The numbers given above are guaranteed worst-case values. 


LOW Level Noise Margins (Military) HIGH Level Noise Margins (Military) 


400 400 
400 400 


500 500 
300 300 
400 400 


From “VoL to "Vi, From “VOW” to “Vi” 





LOW Level Noise Margins (Commercial) HIGH Level Noise Margins (Commercial) 


400 400 mV 
400 400 


700 = 700 
700 700 





400 400 mV 
400 400 mV 
500 500 mV 
300 300 mV 
300 300 mV 


From “Voi” to “Vic” From “Voy” to “Vip” 


mV 
400 400 mV 
mV 
mV 
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Fan-in and Fan-out 


In order to simplify designing with Motorola TTL devices, 
the input and output loading parameters of all families are 
normalized to the following values: 


1 TTL Unit Load (U.L.) = 40 uA 
in the HIGH state (logic ‘'1’’) 


1 TTL Unit Load (U.L.) = 1.6 mA 
in the LOW state (logic “0”’) 





Input loading and output drive factors of all products 
described in this handbook are related to these definitions. 


EXAMPLES—INPUT LOAD 


1. A 7400 gate, which has a maximum 1}, of 1.6 mA and 
I} Of 40 WA is specified as having an input load factor 
of 1 U.L. (Also called a fan-in of 1 load.) 


2. The 74LS95 which has a value of 1}, = 0.8 mA and I)y4 
of 40 vA on the CP terminal, is specified as having an 
input LOW load factor of 


0.8 mA 


or 0.5 ULL. 
1.6 mA 
and an input HIGH load factor of 


40 uA . 
40 WA 





r1 UL 


3. The 74LSOO gate which has an I), of 0.36 mA and an 
lip of 20 vA, has an input LOW load factor of 


0.36 mA 


or 0.225 ULL. 
1.6 mA 


(normally rounded to 0.25 U.L.) and an input HIGH 
load factor of 


20 uA 


0.5 ULL. 
0A or 


EXAMPLES—OUTPUT DRIVE 


1. 
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. The output of the 74LSOO 


The output of the 7400 will sink 16 mA in the LOW 
(logic ‘‘0’’) state and source 800 wA in the HIGH (logic 
“1"') state. The normalized output LOW drive factor is 
therefore 

16 mA 


1.6 mA 





= 10 ULL. 


and the output HIGH drive factor is 


800 HWA 


20 ULL. 
40 nA” 


(Commercial Grade) will 
sink 8.0 mA in the LOW state and source 400 yA in the 
HIGH state. The normalized output LOW drive factor is 


8.0 mA 
1.6 mA 


or 5 ULL. 


and the output HIGH drive factor is 


400 vA 


10 ULL. 
40 nA or U.L 


Relative load and drive factors for the basic TTL 
families are given in Table I. 


TABLE ! 


INPUT LOAD 
HIGH LOW 


















OUTPUT DRIVE 


FAMILY 


74LS00 5 ULL. 
7400 10 ULL. 
9000 10 ULL. 
74HOO 12.5 ULL. 


74S00 


Values for MSI devices vary significantly from one element 
to another. Consult the appropriate data sheet for actual 
characteristics. 


Wired-OR Applications 

Certain TTL devices are provided with an ‘‘open”’ col- 
lector output to permit the Wired-OR (actually Wired- 
AND) function. This is achieved by connecting open 
collector outputs together and adding an external pull- 
up resistor. 


The vaiue of the pull-up resistor is determined by con- 
sidering the fan-out of the OR tie and the number of 
devices in the OR tie. The pull-up resistor value is cho- 
sen from a range between a maximum value (estab- 
lished to maintain the required Voy with all the OR 
tied outputs HIGH) and a minimum value (established 
so that the OR tie fan-out is not exceeded when only 
one output is LOW). 


MINIMUM AND MAXIMUM PULL-UP 
RESISTOR VALUES 


__ Vec(mAx) ~ Vo 


RX(MIN) ~  {o) = No(LOW) e 1.6 mA 
AVA Vec(miN) — VOH 

(MAX) ~ Na © lon + No(HIGH) ¢ 40 HA 
where: 
Rx = External Pull-up Resistor 
Ny = Number of Wired-OR Outputs 
No = Number of Input Unit Loads being Driven 
Ion = 'Ic—Ex= Output HIGH Leakage Current 
lot = LOW Level Fan-out Current of Driving Element 
VoL = Output LOW Voltage Level (0.5 V) 
VOH = Output HIGH Voltage Level (2.4 V) 
Voc = Power Supply Voltage 


Example: Four 74LSO3 gate outputs driving four other 
74LS gates or MSI inputs. 


5.25V-O5V _ 
8mA— 1.6 mA 





Rx (MIN) ~ 


4.75V-2.4V 2.35 V 
R = = = 490 
X(MAX) ~ 40100 uA+2°40uA 0.48 mA 
where: 
Ny = 4 
No(HIGH) = 4¢O05U.L.=2U.L. 
No(LOW) = 4¢0.25U.L =1 ULL. 
lou = 100 uA 
lou = 8mA 
VoL = 0.5V 
VOH = 2.4V 


Any value of pull-up resistor between 742 Q and 4.9 kQ 
can be used. The lower values yield the fastest speeds 
while the higher values yield the lowest power dissipa- 
tion. 


Unused Inputs 

For best noise immunity and switching speed, unused 
TTL inputs should not be left floating, but should be 
held between 2.4 V and the absolute maximum input 
voltage. 


Two possible ways of handling unused inputs are: 


1. Connect unused input to Vcc. Most 74LS inputs have 
a breakdown voltage > 15 V and require, therefore, no 
series resistor. For all multi-emitter conventional TTL 
inputs, a 1 to 10 kQ current limiting series resistor is 
recommended, to protect against Vcc transients that 
exceed 5.5 V. 


2. Connect the unused input to the output of an unused 
gate that is forced HIGH. 


CAUTION: Do not connect an unused LSTTL input 
to another input of the same NAND or AND func- 


tion. This method, recommended for normal TTL, 
increases the input coupling capacitance and thus 
reduces the ac noise immunity. 








Interconnection Delays 

For those parts of a system in which timing is critical, 
designers should take into account the finite delay along 
the interconnections. These range from about 0.12 to 
0.15 ns/inch for the type of interconnections normally 
used in TTLsystems. Exceptions occur in systems using 
ground planes with STTL to reduce ground noise during 
a logic transition; ground planes give higher distribut- 
ed capacitance and delays of about 0.15 to 0.22 ns/ 
inch. 


Most interconnections on a logic board are short enough 
that the wiring and load capacitance can be treated as 
a lumped capacitance for purposes of estimating their 
effect on the propagation delay of the driving circuit. 
When an interconnection is long enough that its delay 
is one-fourth to one-half of the signal transition time, 
the driver output waveform exhibits noticeable slope 
changes during a transition. This is evidence that dur- 
ing the initial portion of the output voltage transition 
the driver sees the characteristic impedance of the in- 
terconnection (normally 150 Q to 200Q), which for tran- 
sient conditions appears as a resistor returned to the 
quiescent voltage existing just before the beginning of 
the transition. This characteristic impedance forms a 
voltage divider with the driver output impedance, tend- 
ing to produce a signal transition having the same rise 
or fall time as in the no-load condition but with a re- 
duced amplitude. This attenuated signal travels to the 
far end of the interconnection, which is essentially an 
unterminated transmission line, whereupon the signal 
Starts doubling. Simultaneously, a reflection voltage is 
generated which has the same amplitude and polarity 
as the original signal, e.g., if the driver output signal is 
positive-going the reflection will be positive-going, and 
as it travels back toward the driver it adds to the line 
voltage. At the instant the reflection arrives at the driv- 
er it adds algebraically to the still-rising driver output, 
accelerating the transition rate and producing the no- 
ticeable change in slope. 


If an interconnection is of such length that its delay is 
longer than half the signal transition time, the attenu- 
ated output of the driver has time to reach substantial 
completion before the reflection arrives. In the limit, 
the waveform observed at the driver output is a 2-step 
signal with a pedestal. In this circumstance the first 
load circuit to receive a full signal is the one at the far 
end, because of the doubling effect, while the last one to 
receive a full signal is the one nearest the driver since 
it must wait for the reflection to complete the transi- 
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tion. Thus, in a worst-cast situation, the net contribution 
to the overall delay is twice the delay of the intercon- 
nection because the initia! part of the signal must travel 
to the far end of the line and the reflection must return. 


When load circuits are distributed along an intercon- 
nection, the input capacitance of each will cause a small 
reflection having a polarity opposite that of the signal 
transition, and each capacitance also slows the transi- 
tion rate of the signal as it passes by. The series of small 
reflections, arriving back at the driver, is subtractive 
and has the effect of reducing the apparent amplitude 
of the signal. The successive slowing of the transition 
rate of the transmitted signal means that it takes longer 
for the signal to rise or fall to the threshold level of any 
particular load circuit. A rough but workable approach 
is to treat the load capacitances as an increase in the 
intrinsic distributed capacitance of the interconnec- 
tion. Increasing the distributed capacitance of a trans- 
mission line reduces its impedance and increases its 
delay. A good approximation for ordinary TTL intercon- 
nections is that distributed load capacitance decreases 
the characteristic impedance by about one-third and 
increases the delay by one-half. 


Another advantage of LSTTL has to do with its output 
impedance during a positive-going transition. Whereas 
the low output impedance of STTL and HTTL allows 
these circuits to force a larger initial swing into a low 
impedance interconnection, the low output impedance 
also has a disadvantage. It makes the reflection coef- 
ficient negative at the driven end of the interconnec- 
tion, a circumstance that exists any time a transmission 
line is terminated by an impedance lower than its char- 
acteristic impedance. This means that when the reflec- 
tion from the (essentially) open end of the interconnec- 
tion arrives back at the driver it will be re-reflected with 
the opposite polarity. The result is a sequence of reflec- 
ted signals which alternate in sign and decrease in 
magnitude, commonly known as ringing. The lower the 
driver output impedance, the greater the amplitude of 
the ringing and the longer it takes to damp out. 


The output impedance of LSTTL, on the other hand, is 
closer to the characteristic impedance of the intercon- 
nections commonly used with TTL, and ringing is prac- 
tically non-existent. Thus no special packaging is re- 
quired. This advantage, combined with excellent speed, 
modest edge rates and very low transient currents, are 
some of the reasons that designers have found LSTTL 
extremely easy to work with and very cost effective. 
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DEVICE 


SN54LS00/SN74LS00 
SN54LS02/SN74LS02 
SN54LS03/SN74LS03 
SN54LS04/SN74LS04 
SN54LS05/SN74LS05 
SN54LS08/SN74LS08 
SN54LS09/SN74LS09 
SN54LS10/SN74LS10 
SN54LS11/SN74LS11 
SN54LS13/SN74LS13 
SN54LS 14/SN74LS 14 
SN54LS 15/SN74LS15 
SN54LS20/SN74LS20 
SN54LS21/SN74LS21 
SN54LS22/SN74LS22 
SN54LS27/SN74LS27 
_ SN54LS30/SN 74LS30 
SN54LS32/SN74LS32 
SN54LS37/SN74LS37 
SN54LS38/SN74LS38 
SN54LS40/SN74LS40 
SN54LS42/SN74LS42 
SN54LS51/SN74LS51 
SN54LS54/SN74LS54 
SN54LS55/SN74LS55 
SN54LS 73/SN74LS73 
SN54LS74/SN74LS74 
SN54LS83/SN 74LS83 
SN54LS85/SN74LS85 
SN54LS86/SN74LS86 
SN54LS90/SN74LS90 
SN54LS92/SN74LS92 
SN54LS93/SN74LS93 
SN54LS95/SN74LS95 
SN54LS 109/SN74LS 109 
SN54LS112/SN74LS112 
SN54LS113/SN74LS113 
SN54LS114/SN74LS114 
SN54LS125/SN74LS125 
SN54LS126/SN74LS 126 
SN54LS 132/SN74LS 132 
SN5S4LS 133/SN74LS$133 
SN54LS 136/SN74LS136 
SN54LS138/SN74LS138 
SN54LS 139/SN74LS 139 
SN54LS151/SN74LS151 
SN54LS 152/SN74LS 152 
SN54LS 153/SN74LS153 
SN54LS 155/SN74LS155 


NUMERICAL INDEX OF DEVICES 


DESCRIPTION 


Quad 2-Input NAND Gate 
Quad 2-Input NOR Gate 
Quad 2-Input NAND Gate (Open Collector) 
Hex:lnverter seins Sid eee eo hs Awe las OR ie eS 
Hex Inverter (Open Collector) 
Quad 2-Input AND Gate... . .. ee ee 
Quad 2-Input AND Gate (Open Collector) 
Triple 3-Input NAND Gate 
Triple 3-Input AND Gate 

Dual 4-Input Schmitt Trigger 
Hex Schmitt Trigger 2... ee ee 
Triple 3-Input AND Gate (Open Collector) 
Dual 4-Input NAND Gate 
Dual 4-Input AND Gate ........0..0 2.0.00 00 02 eee eae 
Dual 4-Input NAND Gate (Open Collector) 
Triple 3-Input NOR Gate 
8-Input NAND Gate .......0..0.0 000200. cee eee ene 
Quad 2-InputOR Gate... 2... ee 
Quad 2-Input NAND Buffer ................2..0 0006 
Quad 2-Input NAND Buffer (Open Collector) 
Dual 4-tnput NAND Buffer 
1-of-10 Decoder 


ey 
2 
Co er 


CS 


Cr 
i 
ry 


Cr  Y 


2-3-3-2-Input 
2-Wide 4-Input 2... 2... 0. 2 ee ee ee es 
Dual JK Flip-Flop 
Dual D Flip-Flop 
4-Bit Full Adder 


Decade Counter <5. 5-4... e ek we eS Bie BOR ae Rk beds 
Divide-by-12 Counter 
4-Bit Binary Counter 
4-Bit Shift Register... 2. ee ee 
Dual JK Edge-Triggered Flip-Flop. .................00. 
Dual JK Edge-Triggered Flip-Flop. .................0. 
Dual JK Edge-Triggered Flip-Flop. .................0, 
Dual JK Edge-Triggered Flip-Flop... ..........-..00005 
Quad 3-State Buffer (LOW Enable) 
Quad 3-State Buffer (HIGH Enable) 
Quad 2-Input Schmitt Trigger 
13-Input NAND Gate 
Quad Exclusive OR (Open Collector) 
1-of-8 Decoder/Demultiplexer.. 2... 0.0.0.0... 00000078 
Dual 1-of-4 Decoder/Demultiplexer................008.- 
8-Input Multiplexer 
8-Input Multiplexer 
Dual 4-Input Multiplexer 
Dual 1-of-4 Decoder 


NUMERICAL INDEX OF DEVICES (Cont'd) 


DEVICE 


SN54LS156/SN74LS156 
SN54LS157/SN74LS157 
SN54LS158/SN74LS158 
SN54LS160/SN74LS160 
SN54LS161/SN74LS161 
SN54LS162/SN74LS162 
SN54LS163/SN74LS163 
SN54LS 164/SN74LS164 
SN54LS170/SN74LS170 
SN54LS174/SN74LS174 
SN54LS$175/SN74LS175 
SN54LS181/SN74LS181 
SN54LS190/SN74LS190 
SN54LS191/SN74LS191 
SN54LS192/SN74LS192 
SN54LS193/SN74LS193 
SN54LS 194/SN74LS194 
SN54LS195/SN74LS195 
SN54LS196/SN74LS196 
SN54LS197/SN74LS197 
SN54LS251/SN74LS251 
SN54LS253/SN74LS253 
SN54LS257/SN74LS257 
SN54LS258/SN74LS258 
SN54LS259/SN74LS259 
SN54LS266/SN74LS266 
SN54LS279/SN74LS279 
SN54LS283/SN74LS283 
SN54LS290/SN74LS290 
SN54LS293/SN74LS293 
SN54LS295/SN74LS295 
SN54LS298/SN74LS298 
SN54LS365/SN74LS365 
SN54LS366/SN74LS366 
SN54LS367/SN74LS367 
SN54LS368/SN74LS368 
SN54LS670/SN74LS670 


DESCRIPTION 


Dual 1-of-4 Decoder (Open Collector) 
Quad 2-Input Multiplexer (Non-Inverting) 
Quad 2-Input Multiplexer (inverting) 
BCD Decade Counter, Asynchronous Reset 

4-Bit Binary Counter, Asynchronous Reset 
BCD Decade Counter, Synchronous Reset 
4-Bit Binary Counter, Synchronous Reset 
8-Bit Shift Register (Serial In-Parallel Out) 
4 x 4 Register File (Open Collector) 
Hex D Flip-Flop w/Clear 
Quad D Flip-Flop w/Ctear 
4-Bit ALU 
Up/Down Decade Counter 
Up/Down Binary Counter 
Up/Down Decade Counter 
Up/Down Binary Counter 
4-Bit Right/Left Shift Register 
4-Bit Shift Register 
Decade Counter 
4-Bit Binary Counter 
8-Input Multiplexer (3-State). 2 2... ee ee 
Dual 4-Input Multiplexer (3-State) 
Quad 2-Input Multiplexer (3-State) 
Quad 2-Input Multiplexer (3-State) 
8-Bit Addressable Latch 
Quad Exclusive NOR (Open Collector) 
Quad Set-Reset Latch 


Ce eT 
Oe 
a} 
OY 
| 
i 
2 
Ce 
OO 


re 


4-Bit Binary Counter... . . 0... 
4-Bit Shift Register (3-State) 
Quad 2-Input Multiplexer w/Output Latches 
Hex Buffer w/Common Enable (3-State)................ 
Hex Inverter w/Common Enable (3-State) 
Hex Buffer, 4-Bit & 2-Bit (3-State) 

Hex Inverter, 4-Bit & 2-Bit (3-State) 
4 x 4 Register File (3-State) 


DEVICE 


SN54LS01/SN74LS01 

SN54LS12/SN74LS12 

SN54LS28/SN 74LS 28 

SN54LS47/SN74LS47 

SN54LS48/SN 74LS48 

SN54LS49/SN74LS49 

SN54LS76/SN74LS 76 

SN54LS78/SN74LS 78 

SN54LS89/SN74LS89 

SN54LS122/SN74LS122 
SN54LS123/SN74LS123 
SN54LS124/SN74LS1 24 
SN54LS165/SN74LS165 
SN54LS168/SN74LS168 
SN54LS169/SN74LS169 
SN54LS173/SN74LS173 
SN54LS182/SN74LS182 
SN54LS221/SN74LS221 
SN54LS240/SN74LS240 
SN54LS241/SN74LS241 
SN54LS256/SN 74LS256 
SN54LS260/SN74LS260 
SN54LS273/SN74LS273 
SN54LS280/SN74LS280 
SN54LS299/SN 74LS299 
SN54LS324/SN74LS324 
SN54LS352/SN 74LS352 
SN54LS353/SN 74LS353 
SN54LS3 73/SN74LS373 
SN54LS374/SN74LS374 
SN54LS375/SN74LS375 
SN54LS377/SN74LS377 
SN54LS378/SN74LS378 
SN54LS379/SN 74LS379 
SN54LS386/SN 74LS386 
SN54LS390/SN 74LS390 
SN54LS393/SN 74LS393 
SN54LS395/SN74LS395 
SN54LS398/SN74LS398 
SN54LS399/SN74LS399 
SN54LS490/SN74LS490 
SN54LS502/SN74LS502 
SN54LS503/SN74LS503 
SN54LS504/SN 74LS504 
SN54LS540/SN74LS540 
SN54LS541/SN74LS541 
SN54LS573/SN 74LS573 


DEVICES TO BE INTRODUCED 


DESCRIPTION 


Quad 2-Input NAND Gate (Open Collector) 
Tripie 3-Input NAND Gate (Open Collector) 
Quad 2-Input NOR Buffer 

BCD-to-Seven Segment Decoder/Driver (Open Collector) 
BCD-to-Seven Segment Decoder/Driver 
BCD-to-Seven Segment Decoder/Driver (Open Collector) 
Dual JK Flip-Flop 

Dual JK Flip-Flop 

16 x 4 RAM 

Retriggerable Monostable Multivibrator (Int Res) 
Dual Retriggerable Monostable Multivibrator 
Dual VCO 

8-Bit Parallel in/Serial Out Shift Register 
Up/Down Decade Counter 

Up/Down Binary Counter 

4-Bit Register, 3-State 

Carry Look-Ahead Generator 

Dual One-Shot (Very Stable) 

Octal Inverting Bus/Line Driver 

Octal Bus/Line Driver 

Dual 4-Bit Addressable Latch . 

Dual 5-Input NOR Gate 

Octal D Flip-Flop w/Master Reset (20-pin) 
9-Bit Parity Generator/Checker 

8-Bit Universal Shift Register 

VCO w/2-Phase Outputs 

Dual 4-Input Multiplexer (Inverting LS153) 
Dual 4-Input Multiplexer, 3-State 

Octal Transparent Latch (20-pin) 

Octal D Flip-Flop 

Quad Latch 

Octal D Flip-Flop w/Enable 

Hex D Flip-Flop w/Enable 

4-Bit D Flip-Flop w/Enable 

Quad Exclusive OR 

Dual Decade Counter 

Dual 4-Bit Binary Counter 

Shift Register, 3-State 

Quad 2-Input Multiplexer w/Output Register 
LS398 w/OQ & O Outputs 

Dual Decade Counter 

8-Bit Successive Approximation Register 
8-Bit Successive Approximation Register 
12-Bit Successive Approximation Register 
240 w/Inputs one side, Output on other 
241 wi/inputs one side, Output on other 
373 w/Inputs one side, Output on other 
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SSI SELECTOR GUIDE 





Low Power High Speed High Speed LSTTL 
Schottky 54/74H Schottky Logic |Data Sheet 
Function 5 ns/2 mW | 10 ns/10 mW | 6 ns/22 mW | 3 ns/19 mW | Symbol | Page No. 
NAND Gates 
Hex Inverts (0.C.) 54/74LS05 54/74H05 54/74S05 4-7 
Dual 4-Input Schmitt 54/74LS13 54/7413 4-12 
Hex Schmitt Trigger 54/74LS14 54/7414 4-12 


Quad 2-input Schmitt 54/74LS132 —sunee | | ares 
Triple 3-Input 54/74LS10 
Dual 4-Input 54/74LS20 
Dual 4-Input (0.C.) 54/74LS22 


NOR Gates 


Quad 2-Input 54/74LS02 54/7402 a 54/74S02 os | 4-4 


D-2 4-22 


4-42 


4-10 


4-23 


4-19 


os 
N 
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SSI LOGIC SYMBOLS 


LS04, LSO5, LS14 LS00, LSO3, LS37 
LS38, LS132 


LS20, LS22, 
LS40 
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SSI SELECTOR GUIDE 



















Low Power High Speed High Speed LSTTL 
Schottky 54/74H Schottky Data Sheet 
_ Function 5 ns/2 mw Page No. 





AND Gates 










Quad 2-Input 


54/74LS08 54/7408 54/74HO8 54/74S08 
54/74LS09 54/7409 54/74HO9 54/74S09 
54/74LS11 54/7411 54/74H11 54/74S11 os | 


Quad 2-Input (0.C.) 
Triple 3-Input 


Triple 3-Input (O.C.) 


54/74LS15 Ld 54/74H15 54/74S15 


Quad 2-Input 54/74LS32 54/7432 ae 54/74S32 | 0-10 4-20 


Exclusive NOR Gate 


AND-OR-INVERT Gates 


54/74LS51 54/7451 54/74H51 54/74851 jos 





Exclusive OR Gate 







Quad 2-Input 


Quad 2-Input (O.C) 













Dual 2-2 Input 


2-2-3-3 input 
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LS11, LS15 


LS08, LSO9 


LS86, LS136 
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SSI SELECTOR GUIDE 
























Low Power High Speed High Speed LSTTL 
Schottky 54/74H Schottky Data Sheet 
Function 5 ns/2 mW_ |10 ns/10 mW | 6 ns/22 mW | 3 ns/19 mW | Symbol | Page No. 








Dual Flip-Flops 

~ sa[ [| 
vet | wee [ew || woe foe 
men [omen [|| wmf 


SS]| FLIP-FLOP LOGIC DIAGRAM 


Vcc = Pin4 Vec = Pin 14 
GND = Pin 11 GND = Pin 7 


LS73 LS74 


Vec = Pin 16 Vcc = Pin 16 
GND = Pin8 GND = Pins 


LS109 LS112 


Vec = Pin 14 Voc = Pin 14 
GND = Pin 7 GND = Pin? 


LS113 LS114 
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MSI SELECTOR GUIDE BY FUNCTION 


Arithmetic Operators 
(CLA = Carry Lookahead) 
















Cc 

=] 

3 
5 Be | 85 
2 ge Fez 
e Az © 
s be Ago 
ri GE Be 

Ss a) 

) 

a. 






74LS83 Full Binary 4-Bit w/ Carry 





74LS283 Full Binary 4-Bit w / Carry 


ALU with External CLA 


Ro 


Arithmetic Logic Unit 74LS181 


Description 
fafa |= | marae 





MSI SELECTOR GUIDE BY FUNCTION 


Counters 
A = Asynchronous S = Synchronous 





4 7 
y & © a— 2 
fe) 3/2 | | 38 | 3 " 
5 2 ° FF a of 2 a6 
& uy = ie SE | oe 8 Fé 
0 O 2 ol 2 A © 
: e| | of | 2e | sé | 782 
ra a}; 8/ & 58 $ a 
oO = 5} Ps 
Synchronous 74LS 160 10 asi 5-44 
Presettable 
Synchronous 74LS 161 16 - 5-44 
Presettable 
Synchronous 74LS 162 10 =f 5-44 
Presettable 
Synchronous 74LS163 16 LT 5-44 
Presettable 


Decoders/Demultiplexers 
Unit Load (UL) = 40 vA HIGH/1.6 mA LOW 


MSI SELECTOR GUIDE BY FUNCTION 


yeeys B3eq a/a]a]e 
TLLST Te) 


Te) r.) Ye) rT.) ey Fs) 
uonedissig 18aM0g 
Aejeg ejqeug N - 
Aejeg sseippy N o - - 
e6e3/0A 3ndjnO > 
410399jj0D uedO in 
t+ t t+ 
2198UZ M07 eAndsy ell cape a, cake ee 
- N N 


f°] 
ise] - * 


3 





sinduj ssouppy 


2+2 
2 
3 


‘ON 391A30 


74LS139 
74LS155 
74LS 156 
74LS259 
74LS42 
74LS 138 


uonoung 


Dual 1-of-4 
Dual 1-of-4 
Dual 1-of-4 


1-Of-8 
1-of-8 
1-of-8 
1-of-10 


MSI SELECTOR GUIDE BY FUNCTION 


Latches/Flip-Flops 





3 
oa ad c 
; o oe OF = = 2 
o 2 8 33 se | 688 3 oe a 
€ 2 3 oO 22 = c xe O— aa @ 5 
£ ra o3 2 o~ Q. aS 4 @ 
5 wu E 5 C2 | 86) 8e | oF | BE | ES2 
iS = © E 32 we Os on OF | Has 
s > - a Ss os Pr wa 5 “5 sg = 
ira Tf & E So 3 23 st o€ oe 
: 8 wf | 58) sa | & 3 . 
ge | a 
« 
8-Bit Add. Latch | 74LS259 ML) 28 70 | 5-108 
3 add. bits 
4x4 Register File 74LS670 4xD 2 25 5-124 
(3-state) 


MSI SELECTOR GUIDE BY FUNCTION 


Multiplexers 
Unit Load (UL) = 40 vA HIGH/1.6 mA LOW 





: ; 
a re) 
ro) 2 $s 3 Fy a > 3 a s . 
5 : 2 | 2 (8e|ael/de|s8| 2) ezs 
2 w £ 5 £ 2|a >| o s | E 
bz) oO js 3} © oe of Of = 5 A» 
c > 3S o E e%\5a/| 8a o | 289 
rd ff « 3 2 oe | ef \|acls eo oo 
a = 2 | |G jo |e |e] 
3 a 
Clocked 


MSI SELECTOR GUIDE BY FUNCTION 


Registers 
A = Asynchronous S = Synchronous 





g s_ | § 
ed a . - 
; g 2| - | e/g] te| $F] Be] 3s 
= Ww al wi wo |G | 82 | Oe | 82 | Eat 
8 oO i) 3 rR) x Qn & e oe Asn 
= . 2 =" a) Or > = a @ 
ire Tf © o So 2 xs $= aE a 
ra 2 Pr) g2 oO a 08 3 
= Oo 4 
Parallel-in / Parallei-out 
74LS - 
Parallel-in / Parallel-out ‘ 
Parallel-in / Parallel-out 
74LS295 : 
Parallel-in / Parallel-out DR, 
Parallel-in / Parallel-out 74LS298 4 aes a te 5-121 
MUX 
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SN54LS00/SN74LS00 


QUAD 2-INPUT NAND GATE 










PART NUMBERS TEMPERATURE 






SN54LS00X 
SN74LSO00X 


—55°C to 125°C 
O°C to 75°C 





X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL PARAMETER TEST CONDITIONS (Note 1) 


or Guaranteed Input HIGH Voltage 


yy | Guaranteed Input LOW Voltage 


2.5 3.4 
54,74 | | 028 [| o4 | ve | Vec = MIN, Io = 4.0 mA, Viy = 2.0 V 
7a [88 [08 [VT Voc = MIN toy = BOA, Vy = ZOV 
20 HA Vec = MAX, Viy = 2.7 V 
eee 


Output Short Circuit _ _ 
| 6 | ma 


° 


Lem 
= 
215 
ain 
= 
> 
x 
i 
am 
5 
nN 


N 
bi 


Vin Input HIGH Voltage 
Vit Input LOW Voltage 


Vep input Clamp Diode Voltage 





VOH Output HIGH Voltage 


VoL Output LOW Voltage 


~S 
FF 


lecH Supply Current HIGH Voc = MAX, VIN =OV 


lec Supply Current LOW mA Vec = MAX, Inputs Open 


N 
is 


AC CHARACTERISTICS: Ty = 25°C (See Page 4-50 for Waveforms) 
SYMBOL PARAMETER 


Turn Off Delay, Input to Output 
Turn On Delay, Input to Output 





NOTES: 

1. For.conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


SN54LS02/SN74LS02 


QUAD 2-INPUT NOR GATE 


SUPPLY VOLTAGE 
SN74LS02X 5.25 V 0°C to 75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


TEMPERATURE 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER ee 


[typ | MAX | UNITS TEST CONDITIONS (Note 1) 
nee ae ee Guaranteed Input HIGH Voltage 
Ba eee 


Input HIGH Voltage 


Input LOW Voltage Guaranteed Input LOW Voltage 


“No 


Input Clamp Diode Voltage Voc = MIN, ly = —18 mA 
4 
4 
54,74 


74 


2 


Output HIGH Voltage Voc = MIN, Igy = 400 HA, Vin = Vi 


nN 
~ 


0.25 


Voc = MIN, Io, = 4.0 mA, Viy = 2.0 V 


Vec = MAX, Vin = 2.7 V 
Vcc = MAX, VIN =10V 


Output LOW Voltage 


TYP 
pa 

5 | 34 | | 
7a 
"025 [oa 
[08 | 


Input HIGH Current 


Input LOW Current 


ia 
a 
[cea 
Output Short Circuit 15 


—0.36 


| 10 | 20 | 
sel See 
| [036 | 
Current (Note 3) || 100 | Voc = MAX, Vout = 9 V 
aaa 
| 24 | 54 


lccH Supply Current HIGH Voc = MAX, Vin = OV 


Vv 
Vv 
Vv 
Vv 
A 
A 
A 
A 
A 
A 


Mm 
m 
m 
m 
m 
m 


loci Supply Current LOW Vcc = MAX, Inputs Open 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


SYMBOL PARAMETER Eis 


NOTES: 
For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
. Typical limits are at Voc = 5.0 V, Ta = 25°C. 
Not more than one output should be shorted at a time. 





SN54LS03/SN74LS03 


QUAD 2-INPUT NAND GATE 





*OPEN COLLECTOR OUTPUTS 
GUARANTEED OPERATING RANGES 









PART NUMBERS 








TEMPERATURE 








SN54LS03X 
SN74LS03X 





—55°C to 125°C 
O°C to 75°C 








X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product, 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
YMBOL PARAMETER 1 


Vin Input HIGH Voltage 2.0 Guaranteed Input HIGH Voltage 


54 
VIL Input LOW Voltage aa 


Input Clamp Diode Voltage 


Guaranteed Input LOW Voltage 


E : 
Ww 
on 





Vec = MIN, lin =-18 mA 
Vec = MIN, VOH = 5.5 V, VIN = VIL 


Vcc = MIN, lot = 40 mA, VIN =2.0V 
Vcc = MIN, lot = 8.0 mA, VIN =2.0V 


Vcc = MAX, VIN =2.7V 


5 mA Vcc = MAX, VIN =5.5V 
~0.36 mA Vec = MAX, Vin = 0.4 V 


Vec = MAX, VIN =OV 










Output HIGH Current 


VoL Output LOW Voltage ga | 
74 


Input HIGH Current 


‘s 
> 


z 
> 








{IL Input LOW Current 


IccH Supply Current HIGH 
lect Supply Current LOW 


3 
> 


B 
> 


Vec = MAX, Inputs Open 





AC CHARACTERISTICS: Ty, = 25°C (See Page 4-50 for Waveforms) 


PARAMETER eis UNITS 


ae 
Ti or oaarmetwounmn || | 2 | w_| 
[Tu Onde rete oupae [ff ef 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. ; 
2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 













SYMBOL TEST CONDITIONS 





Voc = 5.0 V 
Cy = 15 pF, Ry = 2.0 kN 








SN54LS04/SN74LS04 


HEX INVERTER 





GUARANTEED OPERATING RANGES 









PART NUMBERS 





TEMPERATURE 











SNS4LS04X —55°C to 125°C 


O°C to 75°C 





SN74LS04X 








X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMITS 
SYMBOL PARAMETER [Min | TYP UNITS TEST CONDITIONS (Note 1) 
VIH Input HIGH Voltage Ee aa ee Guaranteed Input HIGH Voltage 


5 : 
Vib Input LOW Voltage —4—}$— Guaranteed Input LOW Voltage 


Vep input Clamp Diode Voltage fs | =O.6S" |) tb Voc = MIN, ly = -18 mA 
| 2.5 | y 





25 | 3.4 
VOH Output HIGH Voltage re eee Vec = MIN, toy = ~400 WA, Vin = Vit 
2 ea 
54,74 0.25 Vv Ver = MIN, In, = 4.0 mA, Vinqy = 2.0 V 
Output LOW Voltage | o4 | Vv | Vcc OL = 4.0 mA, Viy 


VoL 74 of OE 05 V Voc = MIN, Io, = 8.0 mA, Vy = 2.0 V 
1.0 20 A Voc = MAX, Viy = 2.7 V 
Input HIGH Current Hu CC IN 


| 
in 0.1 mA Voc = MAX, Vin = 10V 
Ne input LOW Current —0.36 mA Vcc = MAX, VIN =0.4V 









































Output Short Circuit 


los Current (Note 3) ed ~100 mA Vec = MAX, Vout = OV 





ICcH Supply Current HIGH 1.2 2.4 mA Vec = MAX, Vin = 90 V 








lect Supply Current LOW 3.6 6.6 mA Vcc = MAX, Inputs Open 











AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 















LIMITS 





SYMBOL PARAMETER 


TEST CONDITIONS 



























tepLy Turn Off Delay, Input to Output Veco =5.0V 

tpHL Turn On Delay, Input to Output if : CL = 15 pF 

NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 


2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 
3. Not more than one output should be shorted at a time. 





SN54LS05/SN74LS05 


HEX INVERTER 





*OPEN COLLECTOR OUTPUTS 
GUARANTEED OPERATING RANGES 









SUPPLY VOLTAGE ; 
a 
4.75 V 5.0V 5.25 V 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


PART NUMBERS TEMPERATURE 










—55°C to 125°C © 
0°C to 75°C 


SN54LS05X 
SN74LS05X 





DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER — 


T 
Vin Input HIGH Voltage 2.0 


V Input LOW Volt = 

npu oltage 20a | 
IL 74 
Veo Input Clamp Diode Voltage 


UNITS TEST CONDITIONS (Note 1) 


> 


< 
x 
Bb) delsl< <<] 8 


Guaranteed Input HIGH Voltage 


° 
N 


Guaranteed Input LOW Voltage 





~0.65 Voc = MIN, yy =—18 mA 
























OH Output HIGH Current Voc = MIN, Voy = 9.5 V. Ving = Vi 
54,74 = = 4.0 mA, Vin = 2. 
VoL Output LOW Voltage | 5474 | | 025 | Voc = MIN, lo. = 4.0 MA, Vin = 2.0 V 
tH Input HIGH Current P| te | 20 HA Voc = MAX, Vin = 2.7 V 
an eI mA | Voc= MAX Viv=55V 
lec Supply Current HIGH 1.2 mA Voc = MAX, Vin = OV 
lcci Supply Current LOW 3.6 | 66 mA Vec = MAX, Inputs Open 





AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 
~ LIMITS 












SYMBOL PARAMETER TEST CONDITIONS 




















tpLH Turn Off Delay, Input to Output Vec = 5.0V 
tpHL Turn On Delay, Input to Output Ci = 15 pF, Ry = 2.0 kQ 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 
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SN54LS08/SN74LS08 


QUAD 2-INPUT AND GATE 


Vec 


















SUPPLY VOLTAGE 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


PART NUMBERS TEMPERATURE 









SN54LS08X 
SN74LS08X 


—55°C to 125°C 
O°C to 75°C 












DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER 


1 
UNITS TEST CONDITIONS (Note 1) 


oe 


Guaranteed Input HIGH Voltage 
Guaranteed Input LOW Voltage 


ViL Input LOW Voltage 


Input Clamp Diode Voltage 


< 
° 
o 
~ 
| 


Vec = MIN, NN =-18 mA 





VoH Vec = MIN, IoH = —400 HA, VIN = Vin 
Vv Vcc = MIN, Io, = 4.0 MA, Ving = Vie 
ot Voc = MIN, Io, = 8.0 mA, Vin = Vi. 
Lt Vec = MAX, VIN =2.7V 
| Input HIGH Current 
1H my m Voc = MAX, Vin, = 10 V 
Ie Input LOW Current mA Voc = MAX, Vin = 0.4 V 


3 


Output Short Circuit _ = 
los Current (Note 3) =18 = ~100 Vec = MAX Vout = OV 


locH Supply Current HIGH | | 24 | 48 | 
ee 


3 


Vcc = MAX, Inputs Open 


lect Supply Current LOW Vcc = MAX, Vin = OV 


3 





AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


LIMITS 


TYP MAX UNIS 
Turn Off Delay, Input to Output a 8.0 13 ns 
[Term On det mre ouwst | | 78 | |e 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 














SYMBOL PARAMETER TEST CONDITIONS 
















Vec = 5.0V 
C, = 15 pF 
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SN54LS09/SN74LS09 


QUAD 2-INPUT AND GATE (WITH OPEN-COLLECTOR OUTPUT) 


*Open Collector Outputs 





GUARANTEED OPERATING RANGES 











SUPPLY VOLTAGE 


PART NUMBER TEMPERATURE 
sui 












—55°C to 125°C 
O°C to 75°C 


a : 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


SN54LS09X 
SN74LS09X 





DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER pms MAX UNITS TEST CONDITIONS (Note 1) 


Vin Input HIGH Voltage 2.0 Guaranteed input HIGH Voltage 


VIL Input LOW Voltage — 
74 
-oas [-i8 | 


Vep Input Clamp Diode Voltage 
IOH Output HIGH Current 


Guaranteed Input LOW Voltage 


[Ls 


Voc = MIN, lin =-18mA 
Vec = MIN, VoH =5.5V, VIN = Vin 


Vv Output LOW Voltage 0.4 Vcc = MIN, Io, = 4.0 mA, Vin = Vit 
= ; ; o38_[ 08 Vee =MIN. lop = BOA Vin =Vic 
= =2.7.V 
iH input HIGH Current V MAX, Vin 





Vec = MAX, VIN =10V 


mA | Voc = MAX, Vy = 0.4 V 


Vec = MAX, VIN =OV 


Ne Input LOW Current 
locH Supply Current HIGH 
lect Supply Current LOW 


3 
> 


@ 
G 
3 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


PARAMETER am 













TEST CONDITIONS 









YMB 
_ SYMBOL =m 


aeons | 

Teno ones ipweomn || sf | 
BS 

NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 





Vcc =5.0V 
c= 15 pF, Ri = 2.0kQ 


SN54LS10/SN74LS10 


TRIPLE 3-INPUT NAND GATE 





GUARANTEED OPERATING RANGES 



















SUPPLY VOLTAGE 


PART NUMBERS TEMPERATURE 







SN74LS10X 4.75 V 5.25 V 0°C to 75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
SYMBOL PARAMETER Te 
Vin Input HIGH Voltage 


Vit Input LOW Voltage 


UNITS TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH Voltage 


{o) 


Guaranteed Input LOW Voltage 


~N 
fe 


Input Clamp Diode Voltage Vec = MIN, lin = —18 mA 


< 
Qa 
iw) 
Aa 
v 


Output HIGH Voltage 


54,74 
VoL Output LOW Voltage 


Vec = MIN, lOH = —400 HA, VIN _ VIL 
V, — MIN, Io. = 4.0 mA, VIN =2.0V 
Vcc = MIN, lot = 8.0 mA, VIN =2.0V 


Vc = MAX, VIN =2.7V 
mA Voc = MAX, Viy = 10 V 


mA Vcc = MAX, VIN =0.4V 


< 
(eo) 
x 
Nj o 
+ 
E 
w 
p 


~ 
: 


°o 
. 


ur Input HIGH Current 


Vie Input LOW Current 


Output Short Circuit 


Current (Note 3) Voc = MAX, Vout = 9 V 


> 


IocH Supply Current HIGH m Vcc = MAX, Vin = OV 


| 
(eo) 
wl} > wt ln 
wl a} — 
3 


oy 
7) 


loci Supply Current LOW mA Voc = MAX, Inputs Open 


AC CHARACTERISTICS: Ty, = 25°C (See Page 4-50 for Waveforms) 












SYMBOL PARAMETER TEST CONDITIONS 








TYP 
Turn Off Delay, Input to Output 3.0 6.0 | 10 | ons | 
[in Ondelm rputioOuner | 80 | 60 | 10 | ws | 
NOTES: 


1. For conditions shown as MiN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. : 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


tPLH 
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SN54LS11/SN74LS11 


TRIPLE 3-INPUT AND GATE 


Vec 






PART NUMBERS TEMPERATURE 






SN54LS11X —55°C to 125°C 
O°C to 75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 





SN74LS11X 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER aus 


VIH Input HIGH Voltage 


UNITS TEST CONDITIONS (Note 1) 


Nh 


NIN ! 
wo {o) 


Guaranteed Input HIGH Voltage 


VIL Input LOW Voltage Guaranteed Input LOW Voltage 


“oO 
i 


Vep Input Clamp Diode Voltage Voc = MIN, Iiyy = —18 mA 


o 


4 3.4 


Vou Output HIGH Voltage Vec = MIN, loy = —400 WA, Vin = Vin 


~ 
h 


54,74 0.25 


0.35 


Vec = MIN, lo. = 4.0 mA, VIN = ViL 
Vec = MIN, lot = 8.0 mA, VIN = VIL 


Voc = MAX, Viy = 2.7 V 
mA Vec = MAX, VIN =10V 


mA Voc = MAX, Viy = 0.4 V 


Output LOW Voltage 


~ 


< 
° 
- 


N 
°o 
> 


Input HIGH Current 


x 


tie Input LOW Current 


| Output Short Circuit 
Os Current (Note 3) 


3 


.~ 


Vec = MAX, VouT =OV 


3 
> 


uv 
ro) < 
=| & |@lefelele| | |4]sle] |E 


IocH Supply Current HIGH Voc = MAX, Inputs Open 


Vec = MAX, VIN =OV 


w 
w 
2 
for) 
3 

> 


lece Supply Current LOW 





AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


PARAMETER ; LIMITS UNITS 


ee ca 
[Tun OF Oey impure Guise | 40 [8s | 13 | ml 
[Turn On Dey pute Guar | 30 | 75 | 1 | | 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typicat limits are at Voc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 










SYMBOL TEST CONDITIONS 
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SN54LS13/SN74LS13 @ SN54LS14/SN74LS14 


SCHMITT TRIGGER GATE/INVERTER 


DESCRIPTION — The LS13 and LS14 contain logic gates/inverters which accept standard TTL input signals and 
provide standard TTL output levels. They are capable of transforming slowly changing input signals into sharply 
defined, jitter-free output signals. Additionally, they have greater noise margin than conventional inverters. 


Each circuit contains a Schmitt trigger followed by a Darlington level shifter and a phase splitter driving a TTL totem 
pole output. The Schmitt trigger uses positive feedback to effectively speed-up slow input transitions, and provide 
different input threshold voltages for positive and negative-going transitions. This hysteresis between the positive- 
going and negative-going input thresholds (typically 800 mV) is determined internally by resistor ratios and is 
essentially insensitive to temperature and supply voltage variations. 


LOGIC AND CONNECTION DIAGRAMS 


LS13 


Vin VERSUS Vout 
TRANSFER FUNCTION 

















5 
fe} 
> 
3 
= 
3 
> 
< 
> 
= 
> 
[o} 
| 
es LS14 2 
0.0 0.4 0.8 1.2 1.6 2.0 
Vin ~ INPUT VOLTAGE — VOLTS 
Fig. 1 
THRESHOLD VOLTAGE AND HYSTERESIS THRESHOLD VOLTAGE AND HYSTERESIS 
VERSUS VERSUS 
POWER SUPPLY VOLTAGE TEMPERATURE 





























Vy — THRESHOLD VOLTAGE - VOLTS 


OVT — HYSTERESIS — VOLTS 
VT — THRESHOLD VOLTAGE - VOLTS 


AVT — HYSTERESIS - VOLTS 





























"4.5 4.75 5.0 5.25 55 
Vc — POWER SUPPLY VOLTAGE — VOLTS Tp - AMBIENT TEMPERATURE - °C 


Fig. 2 Fig. 3 
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SN54LS14/SN74LS14 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE 
ee 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 




















PART NUMBERS TEMPERATURE 


—55°C to 125°C 
O°C to 75°C 


SNS54LS14X 
SN74LS14X 








DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMITS 
SYMBOL PARAMETER 





UNITS TEST CONDITIONS (Note 1) 


V4 Positive-Going Threshold Voltage Vec = 5.0 V 
Vy Negative-Going Threshold Voltage Vec = 5.0 V 


Vec = MIN, LIN =-18MA 


Vep Input Clamp Diode Voltage 


2.5 3.4 
2.7 3.4 


0.25 
0.35 


Vec = MIN, lon = —400 BA, VIN = VIL 


Vec = MIN, OL = 4.0 mA, VIN =2.0V 
Vcc = MIN, lo = 8.0 mA, VIN =2.0V 


Input Current at 


Positive-Going Threshold Vec = 5.0 V, Vin = Vr+ 








Input Current at 
Negative-Going Threshold 


lH Input HIGH Current 


Wie Input LOW Current 


| Output Short Circuit 
OS Current (Note 3) 


ICCH Supply Current HIGH 
loct Supply Current LOW 


-0.18 Vec =5.0V, VIN = Vr- 





J 
> 


Vec = MAX, ViN =2.7V 
Vec = MAX, Viy = 10 V 


Vcc = MAX, VIN =04V 


> 


<= 
lal | deel | |al| | fe 


Vec = MAX, Vout =OV 


Vec = MAX, VIN =OV 
Vcc = MAX, VIN =45V 


R 
S 


3/3 3 3] 3 3 3 
>| > | > > > 


AC CHARACTERISTICS: T, = 25°C 











PARAMETER UNITS 


[repegaton Gao put wap | 2720 
nogaion Oey, puto Ouwat | 27 | 20 _—| 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

Typical limits are at Voc = 5.0 V, Ta = 25°C. 

Not more than one output should be shorted at a time. 


SYMBOL TEST CONDITIONS 








ns Vec =5.0V 


Cy = 15 pF 










2. 
3. 
3.0V 


OV 


Vout 13V 1.3V 





SN54LS15/SN74LS15 


TRIPLE 3-INPUT AND GATE 





*OPEN COLLECTOR OUTPUTS 
GUARANTEED OPERATING RANGES 











PART NUMBERS TEMPERATURE 





SNS54LS15X 
SN74LS15X 


—55°C to 125°C 
O°C to 75°C 





X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER EMS UNITS 


ee 
| | -0.68 | 


TEST CONDITIONS (Note 1) 


Vee = MIN, lin =-18mMmA 
Vec =MIN, VOoH =5.5V, VIN = Vin 


Vcc = MIN, lot = 4.0 mA, VIN =, VIL 
Vec = MIN, lot = 8.0 mA, VIN = VIL 


Voc = MAX, Vy = 2.7 V 


he Input HIGH Current 


lecH Supply Current HIGH 
loci Supply Current LOW 


Vec = MAX, Inputs Open 


ee 
rel 
= ee 
cs 
— 






LIMITS 
a 







TEST CONDITIONS 





CL = 15 pF, Ri = 2.0 kQ 
NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 


2. Typical limits are at Vcc = 5.0 V, Ta = 28°C. 
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SN54LS20/SN74LS20 





DUAL 4-INPUT NAND GATE 


Voc 













SUPPLY VOLTAGE 


PART NUMBERS TEMPERATURE 













SNS54LS20X 
SN74LS20X 


—55°C to 125°C 









O°C to 75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 
SYMBOL PARAMETER [min | tye | MAX 
VIH Input HIGH Voltage BOs 


VIL Input LOW Voltage ane a 
Veo ' | Input Clamp Diode Voltage | | -0.65 | 


Vou Output HIGH Voltage 


UNITS TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH Voltage 


° 


Guaranteed Input LOW Voltage 


Sw 
ie 


Vec = MIN, iN =-18 mA 


Vec = MIN, OH = -—400 HA, VIN = VIL 


N 
oN 
Ny]? 
N 
w 
— 


Vec am MIN, lot = 4.0 mA, VIN =2.0V 


Voc = MAX, Vin = 10 V 


mA | Voc = MAX, Vin = 0.4 V 


Vec = MAX, VOUT =OV 


VoL Output LOW Voltage 


147) 
. 
~ 
aN 


“N 
£ 


N 
| 
~ 


tH Input HIGH Current 


ee 
eee 
Nese 
aa 
he Input LOW Current — 
we 
= 


3 


Output Short Circuit 
Current (Note 3) 


ICCH Supply Current HIGH 


3 
> 


Vec = MAX, VIN =OV 


3 


lee Supply Current LOW 


E 
N 
a 
[@) 
pS 


oO: 
a 


= 
N 
N 
N 
3 


Vec = MAX, Inputs Open 


AC CHARACTERISTICS: Ty, = 25°C (See Page 4-50 for Waveforms) 






Turn Off Delay, Input to Output 





Turn On Delay, Input to Output 





NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vec = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 
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SN54LS21/SN74LS821 


DUAL 4-INPUT AND GATE 


PART NUMBERS TEMPERATURE 


SN54LS21X : Z : —55°C to 125°C 
SN74LS21X ; : ; O°C to 75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 
SYMBOL PARAMETER TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH Voltage 


Guaranteed Input LOW Voltage 


nee 
ze 


Vec = MIN, in = —-18 mA 


Vcc = MIN, loo = —-400 HA, Vin = Vin 


— 
| 
a 
| 3.4 | 
seal 


jo) 


Vcc = MIN, lot = 4.0 mA, VIN = Vit 
Vec = MIN, lo. = 8.0 mA, VIN = ViL 


Vec = MAX, VIN =2.7V 


Vcc = MAX, VIN =0.4V 


Input HIGH Current 


Input LOW Current 


3 


> > 


Output Short Circuit 


Current (Note 3) Voc = MAX, Vout = 9 V 


3 
> 


lccH Supply Current HIGH Vcc = MAX, Inputs Open 


lect Supply Current LOW Vec = MAX, Vin = OV 


3 
> 


For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 
Not more than one output should be shorted at a time. 
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SN54LS22/SN74LS22 
































DUAL 4-INPUT NAND GATE 


Voc 





*OPEN COLLECTOR OUTPUTS 
GUARANTEED OPERATING RANGES 








PART NUMBERS TEMPERATURE 





SN54LS22X —55°C to 125°C 


O°C to 75°C 








SN74LS22X 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
YMBOL PARAMETER UNITS TEST CONDITIONS (Note 1 
: Pe ea ie 


Guaranteed Input HIGH Voltage 





Guaranteed Input LOW Voltage 





Vcc = MIN, NWN =-18mMmA 


| 100 | pA | Vec = MIN, VoH =5.5 V, VIN _ Vit 
J o4 | ov | 


54,74. 25 Voc = MIN, Io, = 4.0 mA, Vin = 2.0 V 
Yan || otieat Cow Notage: |= Sema hs 3 oes co = MIN, Io, = 4.0 mA, Viy 
20 Voc = MAX, Vin = 2.7 V 
hi Input HIGH Current | | to | 20 | cc n=? 
ne Input LOW Current | |] 0.36 | ma | Voc = MAX, Viy = 0.4 V 







TEST CONDITIONS 


PMN Tone Tmax |S 
as a oe ee 
aa Ee a ee ee 









CL = 15 pF, Ry = 2.0 kQ 


Turn On Delay, Input to Output 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 
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SN54LS27/SN74LS27 


TRIPLE 3-INPUT NOR GATE 





PART NUMBERS TEMPERATURE 





SN54LS27X . ; —§5°C to 125°C 
SN74LS27X : : O°C to 75°C 











X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMIT: 
SYMBOL ‘PARAMETER = UNITS TEST CONDITIONS (Note 1) 


MIN TYP 
Vin Input HIGH Voltage 








Guaranteed Input HIGH Voltage 


Guaranteed Input LOW Voltage 


spy 

Vv 
4; V 
5 | Vv 


Vec = MIN, lin =-18mA 


Vec =MIN, OH = —400 BA, VIN = Vit 





Vec = MIN, lot = 40 mA, VIN =2.0V 
Voc = MIN, lo, = 8.0 MA, Vin = 2.0 V 


Vec = MAX, VIN =2.7V 
Vec = MAX, VIN =10V 


Input LOW Current Voc = MAX, Vin = 0.4 V 





Input HIGH Current 











Output Short Circuit 


Current (Note 3) Vec = MAX, Vout = OV 








lecH Supply Current HIGH 7 : Veco = MAX, Vin =OV 








lecL Supply Current LOW : : Vec = MAX, Inputs Open 





AC CHARACTERISTICS: T, = 25°C (See Page 4-50 for Waveforms) 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


Turn Off Delay, Input to Output Veco = 5.0V 


Turn On Delay, Input to Output C, = 15 pF 























NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 
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SN54LS30/SN74LS30 


8-INPUT NAND GATE 








PART NUMBERS TEMPERATURE 





SN54LS30X —55°C to 125°C 
SN74LS30X O°C to 75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMIT. 
SYMBOL PARAMETER : UNITS TEST CONDITIONS (Note 1) 


MAX 


Input HIGH Voltage 


i) 
jo) 


s 


(2) 
w 
a 

BA 

a 8 
E 
> 


Guaranteed Input HIGH Voltage 


Input LOW Voltage 


N 
al 


Guaranteed Input LOW Voltage 


Input Clamp Diode Voltage Vec = MIN, ly = —18 mA 


Output HIGH Voltage Vec = MIN, lop = —400 WA, Ving = Vip 


Vec _ MIN, lot = 4.0 mA, VIN =2.0V 
Vec = MIN, lot = 8.0 mA, VIN =2.0V 


Vec = MAX, VIN =2.7V 
Vec = MAX, VIN =10V 


Output LOW Voltage 


oO 
~N 
; - ; <8 


& 





NR : 


is 
> 


Input HIGH Current 


E 
> 





Input LOW Current 


9 
iS 
3 
> 





Output Short Circuit 
Current (Note 3) 


3 
> 


Vec = MAX, VOUT =OV 
lecH Supply Current HIGH Voc = MAX, Vin = OV 


leet Supply Current LOW 


3 
> 


Voc = MAX, Inputs Open 

















NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical timits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 
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a 


SN54LS32/SN74LS32 


QUAD 2-INPUT OR GATE 


GUARANTEED OPERATING RANGES 
SUPPLY VOLTAGE 


TEMPERATUR 
— 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


PART NUMBERS 


SN54LS32X 
SN74LS32X 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LiNtTS UNITS | TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH Voltage 


SYMBOL PARAMETER 


Input HIGH Voltage 


jo) 


Input LOW Voltage Guaranteed Input LOW Voltage 


~ 
Cy 


Input Clamp Diode Voltage Voc = MIN, iy = —-18 mA 


Output HIGH Voltage Voc = MIN, IQy = ~400 WA, Vin = Vin 


Vec = MIN, lot = 4.0 mA, VIN = Vi 
Vcc = MIN, lo = 8.0 mA, VIN = VIL 


Vcc = MAX, VIN =2.7V 


Vcc = MAX, VIN =0.4V 


Output LOW Voltage 


~ 


°o 


Input HIGH Current 


3 
> 


Input LOW Current 


3 


Output Short Circuit 
Current (Note 3) 


3 


Vcc = MAX, Vout =OV 


LS) 


ICcH Supply Current HIGH 


3 


Vec = MAX, Inputs Open 
Voc = MAX, VIN =OV 


| MIN 

| 2.0 | 

a 

fee 2 

ee 
own view [ear 
ee ee 
74 6] 

Zz 

== 

fas 

oad 

| | 


a aa 
ord 
a cL 
|-065 | -15 | 
carra aeces! 
es 
Toa [os | 
[035 [08] 
[x0 [20 | 
aera 
Dds 
| 31 | 62 | 
| 49 | 98 | 


lech Supply Current LOW 


3 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


SYMBOL PARAMETER oes 


TYP MAX 
Turn Off Delay, Input to Output 


Turn On Delay, Input to Output 


NOTES: 
For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
. Typical limits are at Voc = 5.0 V, Ta = 25°C, 
Not more than one output should be shorted at a time. 
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SN54LS37/SN74LS37 


QUAD 2-INPUT NAND BUFFER 


SUPPLY VOLTAGE 
SN54LS37X -55°C to 125°C 
SN74LS37X 0°C to 75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


PART NUMBERS TEMPERATURE 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 
SYMBOL PARAMETER UNITS | TEST CONDITIONS (Note 1) 


Input HIGH Voltage 


Guaranteed Input HIGH Voltage 


o 


S z 
Blo of & 


Input LOW Voltage Guaranteed Input LOW Voltage 


~ 
7 


N|N N 
NL oO °o 
[o) 
a vU 


Input Clamp Diode Voltage 


Vec = MIN, iN =-18 mA 


Output HIGH Voltage Vec = MIN, Ioy = —1.2 mA, Vin = Vic 


54,74 Vec = MIN, lot =12 mA, VIN =2.0V 
Voc = MIN, Iq, = 24 mA, Vi = 2.0 V 
Vcc = MAX, VIN =2.7V 
Vcc = MAX, VIN =10V 


Vcc = MAX, VIN =0.4V 


Output LOW Voltage 


~ ~N 


\ 
° 
> 


Input HIGH Current 


3 
> 


Input LOW Current 


3 


.~ 


Output Short Circuit 
Current (Note 3) 


3 
> 


Vec = MAX, VouT =O0V 


lecH Supply Current HIGH Voc = MAX, Vin = OV 


loci Supply Current LOW Vcc = MAX, Inputs Open 


AC CHARACTERISTICS: Ty, = 25°C (See Page 4-50 for Waveforms) 


LIMITS 


TEST CONDITIONS 
ae 


Turn On Delay, Input to Output C, = 45 pF, Ry = 667 


SYMBOL PARAMETER. 


Turn Off Delay, input to Output 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 
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SN54LS38/SN74LS38 


QUAD 2-INPUT NAND BUFFER 


Voc 


*OPEN COLLECTOR OUTPUTS 


GUARANTEED OPERATING RANGES 


PART NUMBERS 





SN54LS38X 
SN74LS38X 


PPLY VOL 
SUPP EV OEVAGE TEMPERATURE 


—55°C to 125°C 
O°C to 75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL PARAMETER c = = UNITS TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH Voltage 





Input HIGH Voltage 
54 
Vit Input LOW Voltage 


Guaranteed Input LOW Voltage 





Input Clamp Diode Voltage 





Output HIGH Current 


Output LOW Voltage 








Input HIGH Current 


Input LOW Current 
lecH Supply Current HIGH 
lect Supply Current LOW 








tPLH 











tPHL 
NOTES: 





Vec = MIN, IN =-18 mA 


> 


Vec = MIN, VOH =55 V, VIN _ ViL 


Voc = MIN, Io, = 12 mA, Viy = 2.0 V 
Voc = MIN, Io, = 24 mA, Viy = 20V 


Vec = MAX, VIN =10V 


Voc = MAX, Vin = 0.4 V 
Vec = MAX, VIN =OV 








Vcc = MAX, Inputs Open 











TEST CONDITIONS 








Vcc =5.0V 
Cy. = 45 pF, Ry = 6672 





1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 


device type. 
2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 
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SN54LS40/SN74LS40 


DUAL 4-INPUT NAND BUFFER 


Vec 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE 


P TEMPERATURE 
cee TYP 
SN54LS40X 5.0V ~55°C to 125°C 


SN74LS40X O°C to 75°C 








X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


[ums 
SYMBOL PARAMETER N T NDITIONS (Note 1 
: Ee Mantes Sain ee 


Input HIGH Voltage Guaranteed Input HIGH Voltage 


Input LOW Voltage Guaranteed Input LOW Voltage 


Input Clamp Diode Voltage Voc = MIN, Iq = —18 MA 


o 


Output HIGH Voltage Vec = MIN, loy = 71.2 MA, Vin = Vit 


N 
ay 


Vec = MIN, lo =12 mA, VIN =2.0V 
Vec = MIN, lo = 24 mA, VIN =2.0V 


Vec = MAX, VIN =2.7V 
Vec = MAX, VIN =10V 


Input LOW Current Fi Voc = MAX, Vin, = 0.4 V 


Output LOW Voltage 


en 7A 
s[¥_ 

a 

aT 

5 | Vv 


& 





Input HIGH Current 





Output Short Circuit 


Current (Note 3) Voc = MAX, Voyt = OV 





ICcH Supply Current HIGH 


Vec _ MAX, VIN =OV 





I 
w 
[o) 


loci Supply Current LOW : : Vec = MAX, Inputs Open 





AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


SYMBOL PARAMETER ean TEST CONDITIONS 











Turn Off Delay, Input to Output Vec = 5.0V 





Turn On Delay, Input to Output Cy = 45 pF, Ry = 667 








NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 
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SN54LS51/SN74LS51 


DUAL 2-WIDE 2-INPUT/3-INPUT AND-OR-INVERT GATE 


SUPPLY VOLTAGE 


PART NUMBERS TEMPERATURE 
SN54LS51X -55°C to 125°C 
SN74LS51X 0°C to 75°C 


X = package type; W for Fiatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMITS 
RAM R UNIT: TEST CONDITIONS (Note 1 


Input HIGH Voltage Guaranteed Input HIGH Voltage 


oO 
~ 


Guaranteed Input LOW Voltage 
Vec = MIN, lIN =-18 mA 
Vec = MIN, lou = —400 MA, VIN _ VIL 


Voc = MIN, Io, = 4.0 mA, Vin = 2.0 V 
Vcc = MIN, lo = 8.0 mA, VIN ad 2.0 V 


Vcc = MAX, VIN =27V 
Vec = MAX, VIN =10V 


Vec = MAX, Vin =0.4V 


0) 


t 


Input HIGH Current 


3 


Input LOW Current 


Output Short Circuit 
Current (Note 3) 


3 


Vcc = MAX, Vout =OV 


me 
so 
—1.5 
4 
a 
is ee 
Pe 


IocH Supply Current HIGH Vec = MAX, Vin = OV 


XN 
© 


loc Supply Current LOW Vcc = MAX, Inputs Open 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


SYMBOL PARAMETER 


For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

. Typical limits are at Voc = 5.0 V, Ta = 25°C. 
Not more than one output should be shorted at a time. 
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SN54LS54/SN74LS54 


3-2-2-3-INPUT AND-OR-INVERT GATE 


Vec 


PART NUMBERS 


SNS54LS54X 
SN74LS54X 


‘RANGE (unless otherwise specified 


UNITS 


oO 
~N 


: 5 
3 ‘ x< 


te i: 


Output HIGH Voltage 
Output LOW Voltage 
Input HIGH Current 


Input LOW Current 


Output Short Circuit 
Current (Note 3) 


N 
jo) 
<4 


3 
>| > 


3 
> 


IccH Supply Current HIGH 


lect Supply Current LOW 


3 


are eas 
a 
a 
Das [30] 
ee LN 
To | 
Fe 
ancy 
= ea 
cae! 
ee aT 
es ed 


N 

° 
8 

> 


AC CHARACTERISTICS: Ty, = 25°C (See Page 4-50 for Waveforms) 


SYMBOL PARAMETER pele 


Turn Off Delay, Input to Output 
Turn On Delay, Input to Output 


7. 
: 
a 


NOTES: 


TEST CONDITIONS (Note 1) 
Guaranteed Input HIGH Voltage 
Guaranteed Input LOW Voltage 

Vec = MIN, ly = 718 mA 

Voc = MIN, Ioy = 400 vA, Vin = Vib 


Vcc = MIN, lot = 4.0 mA, VIN =2.0V 
Voc = MIN, lot = 8.0 mA, VIN =2.0V 


Vec = MAX, VIN =2.7V 


Vec = MAX, VIN =0.4V 
Vec = MAX, VouT =OV 


Vec = MAX, VIN =OV 
Vcc = MAX, Inputs Open 


For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 


device type. 
. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 
Not more than one output should be shorted at a time. 
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SN54LS55/SN74LS55 





2-WIDE 4-INPUT AND-OR-INVERT GATE 


Voc 





GUARANTEED OPERATING RANGES 













PART NUMBERS 





SN54LS55X 











SN74LS55X 











UNITS TEST CONDITIONS (Note 1) 
Guaranteed:Input HIGH Voltage 


Guaranteed Input LOW Voltage 


< 


Vcc = MIN, lin = -18 mA 


2. 4 
VOH Output HIGH Voltage [peas ol 


: eto] 
54,74 .25 = MIN, 1A), = OMA Vin = 2. 
Vor Output LOW Voltage 2 Vec = MIN. lop = 4.0 MA, Vin = 2.0.V 
Input HIGH Current ss 20 HA Voc = MAX, Vin = 2-7 V 


ns 0.1 mA Voc = MAX, Vin = 10 V 
Ne Input LOW Current —0.36 mA Vcc = MAX, Ving = 0.4 V 


Vcc = MIN, lon = —400 MA, Vin = VIL 
































| Output Short Circuit 15 108 aan Go AEG nay 
OS Current (Note 3) Ce » YouT 








IccH Supply Current HIGH 0.4 0.8 mA Vec = MAX, VIN =OV 











loci Supply Current LOW 0.7 1.3 mA Vcc = MAX, Inputs Open 











AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 
LIMITS 


























SYMBOL | PARAMETER TEST CONDITIONS 

tpLH Turn Off Delay, Input to Output Veco = 5.0V 

tPHL Turn On Delay, Input to Output Ci = 15 pF 

NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 


2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 
3. Not more than one output should be shorted at a time. 
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SN54LS73/SN74LS73 


DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP 





DESCRIPTION — The SN54LS73/SN74LS73 offers individual J, K, clear, and clock inputs. These dual flip-flops are 
designed so that when the clock goes HIGH, the inputs are enabled and data will be accepted. The logic level of the J 
and K inputs may be allowed to change when the clock pulse is HIGH and the bistable will perform according to the 
truth table as long as minimum set-up times are observed. Input data is transferred to the outputs on the 
negative-going edge of the clock pulse. 


LOGIC SYMBOL LOGIC DIAGRAM 
(Each Flip-Flop) 





Vec = Pin4 KO O J 
GND = Pin 11 3 (10) 













see O %% 
Sy 4 CLOCKECP) 
“1 (5) 





PART NUMBERS 






SN54LS73X 
SN74LS73X 







LIMITS 
TYP MAX 


UNITS TEST CONDITIONS (Note 1) 





Guaranteed Input HIGH Voltage 


Vv Input HIGH Voltage 2.0 
IH pu oltag for All Inputs 





° 
N 


d 
Vit Input LOW Voltage Guaranteed Input LOW Voltage 





















Clock 


Output Short Circuit 
OS Current (Note 3) 


lec Power Supply Current 


A Vcc = MAX, VouT =OV 


3 
> 


x : 
are aE v 
Vep Input Clamp Diode Voltage -0.65 | -15 Voc = MIN, ly = -18 mA 
’ Bain | 54 | 25 [| 34 | ’ Voc = MIN, Io = ~400 HA 
utpu oltage 
Vo. | Output Low vottage |24-74 | 925 | 04 |v | toy =40ma |Vec= MIN, Vin = Vin or 
Input HIGH Current : 
20 
60 UA Vec = MAX, VIN =2.7V 
hie 80 
Input LOW Current 
J, K 
HL Clear mA Vee = MAX, VIN =0.4V 


3 


Vcc ae MAX, Vep =OV 
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SN54LS73/SN74LS73 


MODE SELECT — TRUTH TABLE 


INPUTS OUTPUTS 
OPERATING MODE 
EER 


x 
Toggle h 

h 

| 


Reset (Clear) 


Load “0” (Reset) 
Load ‘’1"' (Set) 
Hold | 


H,h = HIGH Voltage Level 

L,} = LOW Voltage Level 

X = Don’t Care 

1, h (q) = Lower case letters indicate the state of the referenced 
input (or output) one set-up time prior to the HIGH to 
LOW clock transition. 


AC CHARACTERISTICS: Ty = 25°C (See Page 4-51 for Waveforms) 


SYMBOL PARAMETER avs 


Maximum Clock Frequency 


Propagation Delay, 
Clock to Output 


Propagation Delay, 
Clear to Output 


SYMBOL PARAMETER 


tyCP(H) | Clock Pulse Width (HIGH) 
tyCPIL) | Clock Pulse Width (LOW) 


NOTES: 


1, 


For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 


. Typical limits are at Voc = 5.0 V, Ta = 25°C. 
. Not more than one output should be shorted at a time. 
. SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 


transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

HOLD TIME (tp) is defined as the minimum time following the clock transition from HIGH to LOW that the logic level must be maintained 
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 
the clock transition from HIGH to LOW and still be recognized. 





4-28 


SN54LS74/SN74LS74 


DUAL D-TYPE POSITIVE EDGE-TRIGGERED FLIP-FLOP 


DESCRIPTION — The SN54LS74/SN74LS74 dual edge-triggered flip-flop utilizes Schottky TTL circuitry to produce 
high speed D-type flip-flops. Each flip-flop has individual clear and set inputs, and also complementary Q and Q 
outputs. 


information at input D is transferred to the Q output on the positive-going edge of the clock pulse. Clock triggering 
occurs at a voltage level of the clock pulse and is not directly related to the transition time of the positive-going pulse. 
When the clock input is at either the HIGH or the LOW level, the D input signal has no effect. 


LOGIC SYMBOL LOGIC DIAGRAM 
(EACH FLIP-FLOP) 


CLEAR (CD) 
1(13) 


Vcc = Pin 14 
GND =Pin 7 


PART NUMBERS TEMPERATURE 


SN54LS74X —55°C to 125°C 
SN74LS74X O°C to 75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


_ SYMBOL PARAMETER _ 


Input HIGH Voltage 


Input LOW Voltage 


Input Clamp Diode Voltage 


VOH Output HIGH Voltage ae 
54,7 
Output LOW Voltage Be 


Input HIGH Current 
Data 
Clock, Set 
Clear 


UNITS TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH Voltage 
for All Inputs 


Guaranteed Input LOW Voltage 
for All Inputs 


Voc = MIN, |jy = —18 mA 
Vec = MIN, Ioy = —400 uA 
=n Vip or Vip per Truth Table 
OL = 4.0 mA] Vec = MIN, Vin = Vin oF 


lol = = 8.0 mA} Vj, per Truth Table 


Voc = MAX, Vix = 2.7 V 


Data 
Clock, Set 
Clear 


> 


Vcc >. MAX, VIN =10V 


Input LOW Current 
Data 
Clock, Set 
Clear 


3 


Vec = MAX, VIN =0.4V 





Output Short Circuit 
Current (Note 3) 


Power Supply Current 


Vec = MAX, VOUT =OV 


3 


a4 


3 


Vec = MAX, Vcp =OV 
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SN54LS74/SN74LS74 


MODE SELECT — TRUTH TABLE 


INPUTS OUTPUTS 
OPERATING MODE 3 7 


Set 

Reset (Clear) 
*Undetermined 
Load ‘’1’" (Set) 
Load ‘‘0” (Reset) 











*Both outputs will be HIGH while both Sp and Cp are LOW, but 
the output states are unpredictable if Sp and Cp go HIGH 
simultaneously. 


H,h = HIGH Voltage Level 

L,i = LOW Voltage Level 

X = Don’t Care 

|,h (q) = Lower case letters indicate the state of the referenced 
input (or output) one set-up time prior to the LOW to 
HIGH clock transition. 


AC CHARACTERISTICS: Ty = 25°C (See Page 4-51 for Waveforms) 


LIMITS 
ND 
erie ae ee pwn Tove Tw | | oer 


teLy Propagation Delay, 15 20 Vec = 5.0V, 
22 30 C, = 15 pF 


teHL Clock to Output 


tpi Propagation Delay a ee Fig 2 
tpi _—Set or Clear to Output [EP=L_— | |} 18} 25] 


MHz 
ns 


AC SET-UP REQUIREMENTS: Ta = 25°C (See Page 4-51 for Waveforms) 


IMIT. 
PARAMETER peal 


Clock Pulse Width (HIGH) } 18 | 
Set or Clear Pulse Width | 15 | 
Set-up Time HIGH, Data to Clock | 10 











SYMBOL 








tyyCP(H) 


NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 

4. SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

5. HOLD TIME (tp) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be maintained 
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 
the clock transition from LOW to HIGH and still be recognized. 


10 
20 
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SN54LS86/SN74LS86 


QUAD 2-INPUT EXCLUSIVE OR GATE 


TRUTH TABLE 


SUPPLY VOLTAGE (Vcc) 
SN54LS86X -55°C to 125°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


PART NUMBERS TEMPERATURE 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 


SYMBOL PARAMETER UNITS TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH voltage 


Vin Input HIGH Voltage for All Inputs 


jo) 


= 
stots | ieee) 


Guaranteed Input LOW Voltage 
ViL Input LOW Voltage . 
for All Inputs 
Vec = MIN, WN =-18 mA 
Vcc = MIN. loy = -400 uA 
Vin = Vin oF Vi per Truth Table 


Vv lot =40 mA Vec = MIN, VIN Tn Vin 
Vv lot = 8.0 mA} or Vy, per Truth Table 


A Voc = MAX, Vin = 2.7 V 
A Vcc = MAX, Vin = 10 V 


Vep Input Clamp Diode Voltage 


co 

2.0 
Psa 
een aoe 
Eee 


ere es 


Output HIGH Voltage 


Output LOW Voltage 


~N 
rE 


.~ 


Input HIGH Current 


3 


Input LOW Current 


Output Short Circuit 


Current (Note 3) mA Vec = MAX, Vout = OV 


WN 
alta 
oO 
N 


fi 


IocH Supply Current A Voc = MAX 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


SYMBOL PARAMETER 


For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 
Not more than one output should be shorted at a time. 
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SN54LS109/SN74LS109 


DUAL JK POSITIVE EDGE-TRIGGERED FLIP-FLOP 


DESCRIPTION — The SN54LS109/SN74LS109 consists of two high speed completely independent transition 
clocked JK flip-flops. The clocking operation is independent of rise and fall times of the clock waveform. The JK 
design allows operation as a D flip-flop by simply connecting the J and K pins together. 


LOGIC SYMBOL LOGIC DIAGRAM 


SET(SD) 
5(11) 


CLEAR(Cp) 
1(15) 


CLOCK 
4(12) 


Vec = Pin 16 
GND=Pin 8 


GUARANTEED OPERATING RANGES 
Ssuepery VOLTAGE 


SN74LS109X 4.75 V 5.25 V O°C to 75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER alts 


Input LOW Voltage 


UNITS TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH Voltage 
for All Inputs 


Guaranteed Input LOW Voltage 
for All Inputs 


= 
on 
a] 


74 


Input Clamp Diode Voltage 


Output HIGH Voltage 


4,74 
Output LOW Voltage re 


Input HIGH Current 
J,K 
Clock, Set 
Clear 


J, K 
Clock, Set 
Clear 


Vec = MIN, iN =-18mA 
Vec = MIN, lon = —400 uA 
he = Vip or Vi_ per Truth Table 


OL = 4.0 mA | Vcc = MIN, Vin = Vin or 


lo: = 8.0 mA | Vi_ per Truth Table 


Vcc = MAX, VIN =2.7V 


Vec = MAX, VIN =10V 


Input LOW Current 
J, K 
Clock, Set 
Clear 


3 


3 s 
i EI 


Vec = MAX, VIN =04V 





Output Short Circuit 
Current (Note 3) 


Power Supply Current 


Vec = MAX, VouT =OV 


Vec = MAX, Vop =OV 
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SN54LS109/SN74LS109 


MODE SELECT — TRUTH TABLE 


INPUTS OUTPUTS 
cia ca ee 


Set 

Reset (Clear) 
*Undetermined 
toad ‘1"’ (Set) 
Hold 

Toggle 

Load "0" (Reset) 


ral ao FT Trt 











*Both outputs will be HIGH while both Sp and Cp are LOW, but 
the output states are unpredictabie if Sp and Cp go HIGH 
simultaneously. 


H,h = HIGH Voltage Level 

L,l = LOW Voltage Level 

X = Don't Care 

1, h (q) = Lower case letters indicate the state of the referenced 
input (or output) one set-up time prior to the LOW to 
HIGH clock transition. 


AC CHARACTERISTICS: T, = 25°C (See Page 4-51 for Waveforms) 


LIMITS 
T 
oe i 
Maximum Clock Frequency | 450 df 
Propagation Delay, 15 20 
Clock to Output 22 30 


Propagation Delay, 
Set or Clear to Output 











SYMBOL 



















TEST CONDITIONS 
Clock Pulse Width (HIGH) 


ee 


[Secup Tine LOW. Outs Guck [20] 18 | +t | 
[WoldTine LOW Dawiocex [0 | 2 ||» 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 

4. SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

5. HOLD TIME (tp) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be maintained 
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct fogic level may be released prior to 
the clock transition from LOW to HIGH and stili be recognized. 







Vec =5.0V 
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SN54LS112/SN74LS112 
DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP 


DESCRIPTION — The SN54LS112/SN74LS112 dual JK flip-flop features individual J, K, clock, and asynchronous 
set and clear inputs to each flip-flop. When the clock goes HIGH, the inputs are enabled and data will be accepted. 
The logic level of the J and K inputs may be allowed to change when the clock pulse is HIGH and the bistable will 
perform according to the truth table as long as minimum set-up and hold time are observed. Input data is transferred 
to the outputs on the negative-going edge of the clock pulse. 


LOGIC SYMBOL LOGIC DIAGRAM 
(EACH FLIP-FLOP) 


CLEAR (Cp) O 
15(14) 


Voc = Pin 16 
GND=Pin 8 . CLOCK (CP) 


GUARANTEED OPERATING RANGES 


PART NUMBERS SUPPLY VOLTAGE 


SN74LS112X 4.75 V 0°C to 75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER bee MAX UNITS TEST CONDITIONS (Note 1) 
vie input HIGH Voltage 20 Guaranteed Input HIGH Voltage 


for All Inputs 
54 
VIL Input LOW Voltage — 
74 


Vep Input Clamp Diode Voltage 


54 ; 
VOH Output HIGH Voltage — 
74 . 
54,74 
Output LOW Voltage 


Input HIGH Current 
J, K 
Set, Clear 
Clock 


J, K 
Set, Clear 
Clock 


° 
N 
< 


3 


Guaranteed Input LOW Voltage 
for All Inputs 


Vec = MIN, ly = -18 mA 


Vec = MIN, loH = —400 HA 
VIN = Vin or VIL per Truth Table 


Vv lot = 4.0 mA | Vcc = MIN, Vin = Vix or 


Vv lot 8.0 mA Vit per Truth Table 


N 
a 


0.2 


Vcc = MAX, VIN =2.7V 


> 


Vec = MAX, VIN =5.5V 


Input LOW Current 
J,K 
Set, Clear 
Clock 


3 


Vec = MAX, VIN =04V 


Output Short Circuit 
Current (Note 3) 


Power Supply Current 


mA Vec = MAX, Vout =OV 


oar mel 
5 


8 


LS) 
~ 


A Vec = MAX, Vep =OV 
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SN54LS112/SN74LS112 


MODE SELECT — TRUTH TABLE 


INPUTS OUTPUTS 


Cp 

















OPERATING MODE 


Set H 


Reset (Clear) 


+ Ft 


aczezzelol 


*Undetermined 


> KK KIL CG 


Toggle 
Load “0” (Reset) 
Load 1" (Set) 
Hold 


zrrorTrTrrstr 
mIrtrgroworer 


2 xrrer al 






“Both outputs will be HIGH while both Sp and Cp are LOW, but 
the output states are unpredictable if Sp and Cp go HIGH 
simultaneously, 


H,h = HIGH Voltage Level 

L,| = LOW Voltage Level 

X = Don’t Care 

|, h (q) = Lower case letters indicate the state of the referenced 
input (or output) one set-up time prior to the HIGH to 
LOW clock transition. 


AC CHARACTERISTICS: Ty, = 25°C (See Page 4-51 for Waveforms) 


LIMITS 


SYMBOL PARAMETER 





Maximum Clock Frequency 










Propagation Delay, 
Clock to Output 











Propagation Delay, 
tpHL Set or Clear to Output 





AC SET-UP REQUIREMENTS: Ty, = 25°C (See Page 4-51 for Waveforms) 


PARAMETER EM 


a 
[od Pie was HY 

a 
[Serer Pe wa 18 

= 

ee 

era 

oe 









SYMBOL 


tyyCP(H) 
tyyCP(L) 










Clock Pulse Width (LOW) 
Set-up Time HIGH, J or K to Clock 
Hold Time HIGH, J or K to Clock 


Set-up Time LOW, J or K to Clock 
Hold Time LOW, J or K to Clock 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 

4. SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

5. HOLD TIME (ty) is defined as the minimum time following the clock transition from HIGH to LOW that the logic level must be maintained 
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 
the clock transition from HIGH to LOW and still be recognized. 
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SN54LS113/SN74LS113 | 
DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP 


DESCRIPTION — The SN54LS113/SN74LS113 offers individual J, K, set, and clock inputs. These monolithic dual 
flip-flops are designed so that when the clock goes HIGH, the inputs are enabled and data will be accepted. The logic 
level of the J and K inputs may be allowed to change when the clock pulse is HIGH and the bistable will perform 
according to the truth table as long as minimum set-up times are observed. Input data is transferred to the outputs on 
the negative-going edge of the clock pulse. 


LOGIC SYMBOL LOGIC DIAGRAM 
(EACH FLIP-FLOP) 


Vcc = Pin 14 
GND =Pin 7 


SUPPLY VOLTAGE 


PART NUMBERS TEMPERATURE 


2 


SN54LS113X 5.0V : —55°C to 125°C 
SN74L8113X 5.0 V ; O°C to 75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. ; 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER Ets 
Vin Input HIGH Voltage 


Vit Input LOW Voltage 


v 


UNITS TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH Voltage 
for All Inputs 


Guaranteed Input LOW Voltage 


74 for All Inputs 


Veo Input Clamp Diode Voltage 


Vou Output HIGH Voltage 
74 
Output LOW Voltage esl 
74 


Input HIGH Current 
J,K 
Set 
Clock 


< 


Vec = MIN, ty = —18 mA 
Vcc = MIN, 1OH = —400 uA 
Vin = Viy oF Vip per Truth Table 


Vv loL = 4.0 mA | Vcc = MIN, Vin = Vin or 


V lot ; 


N 
N 


3 
> 


8.0 mA | Viz per Truth Table 


= 
ele | (alsle| fe 


Vec = MAX, VIN =2.7V 


Vec = MAX, VIN =55V 


Input LOW Current 
JK 
Set 
Clock 


Output Short Circuit 
Current (Note 3) 


Power Supply Current 


3 
> 


Vcc = MAX, VIN =0.4V 


Vcc = MAX, VouT =OV 


3 


A Vec = MAX, Vcp=O0V 
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SN54LS113 /SN74LS113 
MODE SELECT — TRUTH TABLE 


INPUTS 
OPERATING MODE 


Set 


Toggle 

Load ‘’0” (Reset) 
Load ‘1 (Set) 
Hoid 





H,h = HIGH Voltage Level 

L,| = LOW Voltage Level 

X = Don’t Care 

I, h (q) = Lower case letters indicate the state of the referenced 
input (or output) one set-up time prior to the HIGH to 
LOW clock transition. 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-51 for Waveforms) 


PARAMETER 


Propagation Delay, 
Clock to Output 






SYMBOL 






Propagation Delay, 
Set to Output 


















i INE ele ee 
FBS Ce (a(R REZ 
| Glock Pose warn ow) | ts to 
Pc saa ene (aS Ce gs ee 
[eon ine ie epee eke hee ee = ee 
eee eS eee ee 
i ee ee ei 
es eae ee 









tyyCP(L) 


Hold Time HIGH, J or K to Clock 
Set-up Time LOW, J or K to Clock 


Hold Time LOW, J or K to Clock 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 

4. SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

5. HOLD TIME (tp) is defined as the minimum time following the clock transition from HIGH to LOW that the logic level must be maintained 
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 
the clock transition from HIGH to LOW and still be recognized. 
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SN54LS114/SN74LS114 


DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP 


DESCRIPTION — The SN54LS114/SN74LS114 offers common clock and common clear inputs and individual J, K, 
and set inputs. These monolithic dual flip-flops are designed so that when the clock goes HIGH, the inputs are enabled 
and data will be accepted. The logic level of the J and K inputs may be allowed to change when the clock pulse is 
HIGH and the bistable will perform according to the truth table as long as minimum set-up times are observed. Input 
data is transferred to the outputs on the negative-going edge of the clock pulse. 


LOGIC SYMBOL LOGIC DIAGRAM 
(EACH FLIP-FLOP) 










CLEAR (Cp) O 


TO 
OTHER 
Voc = Pin 14 FLIP-FLOP 


GND =Pin 7 


4410) 





JO 
3(11) 
CLOCK (CP) 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE 
a 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 









PART NUMBERS TEMPERATURE 


SNS54LS114X 
SN74LS114X 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
SYMBOL PARAMETER TYP MAX 


Vin Input HIGH Voltage 2.0 


VIL Input LOW Voltage =a 
74 


Vep Input Clamp Diode Voltage 


2.5 
VOoH Output HIGH Voltage - 
74 2.7 
54,74 
VoL Output LOW Voltage 
74 


UNITS TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH Voltage 
for All Inputs 5 


° 


| 
( a N 
< 


Guaranteed Input LOW Voltage 

for All Inputs 

Vec = MIN, liq = 7-18 mA 

3.4 Vec = MIN, Ioy = 400 HA 
3.4 

0.25 

0.35 


Vin = Vin oF Viz. per Truth Table 


IoOL = 4.0 mA] Vcc = MIN, Vin = ViH oF 
lo. = 8. 


OL = 8.0 mA| Vj, per Truth Table 





0.5 Vv 














Input HIGH Current 
J, K 20 
Set 60 Vec = MAX, VIN =2.7V 
Clear 120 
Clock 160 
1H 
Pt 4 " eed 
Input LOW Current 
J, K 
Ie Set E mA Vec = MAX, VIN =0.4V 
Clear —1.6 
Clock —1.44 
Output Short Circuit 
—15 A Ver = MAX, V =OV 
2 eulent sete I | [00 7 os ‘ sae 
icc Power Supply Current | | 40 | 8.0 mA Voc = MAX, Vcp =0V 








a 
) 
) 





SN54LS114/SN74LS114 





MODE SELECT — TRUTH TABLE 


INPUTS OUTPUTS 
es a ec 








OPERATING MODE 














Set 
Reset (Clear) ; 


*Undetermined 


Toggle 

Load ‘0’ (Reset) 
Load ‘1’ (Set) 
Hold 


2 ae ee 
- sxx x 
[aoe eee 





*Both outputs will be HIGH while both Sp and Cp are LOW, but 
the output states are unpredictable if Sp and Cp go HIGH 
simultaneously. 


H,h = HIGH Voltage Level 

L,| = LOW Voltage Level 

X = Don’t Care 

1, h (q) = Lower case letters indicate the state of the referenced 
input (or output) one set-up time prior to the HIGH to 
LOW clock transition. 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-51 for Waveforms) 


PARAMETER EIMits UNITS 


a 
Propagation Delay, 16 ns 
Clock to Output 24 
Propagation Delay, . 

Set or Clear to Output 












TEST CONDITIONS 


Fig. 2 


SYMBOL 





Voc = 5.0 V,. 
Cy = 15 pF 








AC SET-UP REQUIREMENTS: T, = 25°C (See Page 4-51 for Waveforms) 


Susie ines 


Clock Pulse Width (HIGH) 


Clock Pulse Width (LOW) 
Set or Clear Pulse Width 


LN Bae 
Ce se 
eae Gee ee 
ae ee 
a ae 












SYMBOL TEST CONDITIONS 


tyyCP(H) 
tyyCPI(L) 
tw 


Fig. 3 





Fig. 2 
Hold Time HIGH, J or K to Clock 
Set-up Time LOW, Jor K to Clock 


Fig. 3 
Hold Time LOW, J or K to Clock 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
‘ device type. 

Typical limits are at Voc = 5.0 V, Ta = 25°C. 

Not more than one output should be shorted at a time. 

SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

HOLD TIME (tp) is defined as the minimum time following the clock transition from HIGH to LOW that the logic level must be maintained 
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 
the clock transition from HIGH to LOW and still be recognized. 


earners Site 
eae ON 
ae ta 
es 
oe el 





PON 


od 
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SN54LS125/SN74LS125 @ SN54LS126/SN74LS126 


QUAD 3-STATE BUFFERS WITH ACTIVE HIGH ENABLES 


Vec E D fo) E D ) Vee E ) fe) E te) fo) 





GUARANTEED OPERATING RANGES 






SUPPLY VOLTAGE 


PART NUMBERS 
SN54LS125X 
SN74LS125X 


X = package type; W for Flatpak, J for Ceramic Dip, N for B¥z Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OR 


| TEMPERATURE 










—55°C to 125°C 


SYMBOL 





PARAMETER TEST CONDITIONS 


Guaranteed Input HIGH Voltage 
for All Inputs 


UNITS 
Guaranteed Input LOW Voltage 
Vv 
for All Inputs 


Vi 


(oe) 


Vit Input LOW Voltage 


Vep Input Clamp Diode Voltage 


VoH Output HIGH Voltage 
74 
VoL Output LOW Voltage ad 


loZH Output Off Current HIGH 
loz- Output Off Current LOW 


Ihe Input HIGH Current 


tie Input LOW Current 


Output Short Circuit 
Current (Note 3) 


Voc = MIN, Iiy = -18 mA 

Vec = MIN, Vin = Ving or 

Vit per Truth Table 
Vcc = MIN, Vin = Vizyq or 
Vi per Truth Table 

Voc = MAX, Vout = 2.4 V, Ve = Vip 

Voc = MAX, Vout = 0.4 V, Ve = Vit 

Voc = MAX, Vin = 2.7 V 

Voc = MAX, Vin = 10 V 

Vec = MAX, Vin = 0.4 V 


Nv 
° 
.~ 
P| > 


le 


Vec = MAX, VouT =0OV 


= 
~ 
elella{ a [élelelslslale) | léisle| |g 


; Outputs LOW Vec = MAX, Vin = OV, Ve = 4.5V 

ce Power Supply Current, | mA | Voc = MAX Vin = OV, VE=45V 

NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 


2. Typical limits are at Vcc = 5.0 V, Ta = 28°C. 
3. Not more than one output shouid be shorted at a time. 


SN54LS125/SN74LS125 @ SN54LS126/SN74LS126 


TRUTH TABLES 


L = LOW Voltage Level 
L H = HIGH Voltage Level 
H X = Don’t Care 
(z) (Z) = High Impedance (off) 


SYMBOL PARAMETER 
Propagation Delay, 
Data to Output 
Output Enable Time 
to HIGH Level 
Output Enable Time 
to LOW Level 
Output Disable Time 
from LOW Level 
Output Disable Time 
from HIGH Level 


TO OUTPUT 
UNDER TEST 


SWITCH POSITIONS 


SYMBOL 


sw2 / 
Fez [omen | oma 





4-41 


SN54LS132/SN74LS132 


QUAD 2-INPUT SCHMITT TRIGGER NAND GATE 


DESCRIPTION — The SN54LS132/SN74LS132 contains four 2-Input NAND Gates which accept standard TTL input 
signals and provide standard TTL output levels. They are capable of transforming slowly changing input signals into 
sharply defined, jitter-free output signals. Additionally, they have greater noise margin than conventional NAND 


Gates. 


Each circuit contains a 2-input Schmitt trigger followed by a Darlington level shifter and a phase splitter driving a 
TTL totem pole output. The Schmitt trigger uses positive feedback to effectively speed-up slow input transitions, and 
provide different input threshold voltages for positive and negative-going transitions. This hysteresis between the 
positive-going and negative-going input thresholds (typically 800 mV) is determined internally by resistor ratios and is 
essentially insensitive to temperature and supply voltage variations. As long as one input remains at a more positive 


voltage than V7+ (MAX), the gate will respond to the transitions of the other input as shown in Figure 1. 


LOGIC AND CONNECTION DIAGRAM 
DIP (TOP VIEW) 





THRESHOLD VOLTAGE AND HYSTERESIS 
VERSUS 
POWER SUPPLY VOLTAGE 














V7 — THRESHOLD VOLTAGE — VOLTS 


AVyT — HYSTERESIS — VOLTS 

















Vec — POWER SUPPLY VOLTAGE — VOLTS 


Fig. 2 
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Vin VERSUS Voyy 
TRANSFER FUNCTION 




















0.8 1.2 1.6 2.0 
Vin — INPUT VOLTAGE — VOLTS 





Fig. 1 


THRESHOLD VOLTAGE AND HYSTERESIS 
VERSUS 
TEMPERATURE 





VT ~ THRESHOLD VOLTAGE — VOLTS 


AVy ~ HYSTERESIS — VOLTS 














Ta - AMBIENT TEMPERATURE - °C 


Fig. 3 


SN54LS132/SN74LS132 


GUARANTEED OPERATING RANGES 
















SUPPLY VOLTAGE 


m 


PART NUMBERS TEMPERATURE 


—55°C to 125°C 
0°C to 75°C 


SN54LS132X 
SN74LS132X 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


MIs UNITS TEST CONDITIONS (Note 1) 


Vec = MIN, lin =-18mA 


mW 
Vr+ Positive-Going Threshold Voltage | | 1.6 ‘| Voc = 5.0V 
Vy- Negative-Going Threshold Voltage | | Veco = 5.0 V 


Vep Input Clamp Diode Voltage ts al 


Vou Output HIGH Voltage 


54,74 
Output LOW Voltage | 54,74 | 


Vy+—-Vy7— | Hysteresis | 04 | 08 | 
| 34 | 


Vec = MIN, lon = —400 HA, VIN = Vit 


Vec ae MIN, lot = 4.0 mA, VIN =20V 
Vec = MIN, lon = 8.0 mA, VIN =2.0V 


Input Current at 


T+ Positive-Going Threshold Vec = 5.0 V, Vin = Vr+ 


; Input Current at 
T- Negative-Going Threshold 


az 
= 
input HIGH Current ee 20 
ieee 
fc east 
Ce 


3 
> 


Vec = 5.0 Vv, VIN = Vr- 


~ 
iN 
eS 
Na 
we 
A 


uA Vee = MAX, Vin = 2.7 V 
Vec = MAX, VIN =10V 


Vee = MAX, VIN =0.4V 


E 
3 
> 


Input LOW Current 


d 
rs 
~ 


Output Short Circuit 


fod 


los Current (Note 3) | =100 | A Vec = MAX, Vout = 0 V 
ICCH Supply Current HIGH Fat | mA Vec = MAX, Vin =O V 
lect Supply Current LOW | a2 | 14] ma | Voc=MAX, Viy=4.5 V 


AC CHARACTERISTICS: Ta = 25°C 


SYMBOL PARAMETER euallS UNITS TEST CONDITIONS 


TYP 


ane 


Turn On Defay, Input to Output 





NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 28°C. 

3. Not more than one output should be shorted at a time. 


3.0V 





v 
IN 08V 


ov | 
rH a ; ca 


Vout 13V 13V 
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SN54LS133/SN74LS133 


13-INPUT NAND GATE 


SUPPLY VOLTAGE | | 
TEMPERATURE 
lait 
SN74LS133X 5.25 V 0°C to 75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER EMITS MAX UNITS TEST CONDITIONS (Note 1) 


Input HIGH Voltage Guaranteed Input HIGH Voltage 


oO 
N 


| 
| 
o /° ‘ 
© £ 


Guaranteed Input LOW Voltage 


Input LOW Voltage 
74 
Input Clamp Diode Voltage 


Output HIGH Voltage 


i) 
oO 


Vec = MIN, in = —-18 mA 


Vcc = MIN, IOH = ~400 BA, VIN = VIL 





Voc = MIN, Io, = 4.0 mA, Vy = 2.0 V 
Vec = MIN, IOL = 8.0 mA, VIN =2.0V 


Voc = MAX, VIN =2.7V 
Vec = MAX, VIN =10V 


Vec = MAX, VIN =0.4V 


Output LOW Voltage 


Input HIGH Current 


Input LOW Current 


No 
ro) 
> 


3 
> 


3 
> 





Output Short Circuit 
Current (Note 3) 


lccH Supply Current HIGH 
loci Supply Current LOW 


Vcc = MAX, VouT =OV 


Vec = MAX, VIN =OV 


ais 
> 


3 
> 


Vec = MAX, Inputs Open 


AC CHARACTERISTICS: T, = 25°C (See Page 4-50 for Waveforms) 


SYMBOL PARAMETER als 


Turn Off Delay, Input to Output 
Turn On Delay, Input to Output 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 





SN54LS136/SN74LS136 


QUAD 2-INPUT EXCLUSIVE OR GATE 


TRUTH TABLE 





*Open Collector Outputs 





GUARANTEED OPERATING RANGES 





SUPPLY VOLTAGE (Vcc) 





PART NUMBERS TEMPERATURE 


















—55°C to 125°C 
O°C to 75°C 





SN54LS136X 
SN74LS136X 

















X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER Se eee TEMPERATURE RANGE (unless otherwise specified 


| ums 
SYMBOL PARAMETER a UNITS TEST CONDITIONS (Note 1) 
TYP MAX 
Vii Input HIGH Voltage Guaranteed Input HIGH voltage 


for All inputs 
Vv Input LOW Voltage a 
: cso |S 


Vep Input Clamp Diode Voltage 


low Output HIGH Current 
54,74 
VoL Output LOW Voltage 


Guaranteed Input LOW Voltage 
for All Inputs 


oO 
~N 


Vcc = MIN, lin =-18 mA 


Vec = MIN, Vou =55V 
NE = Ving or Vip per Truth Table 


loy = 8.0 mA | or Vit Pe per Truth Table 






EI 
w 
oa 


He ud | Vee = MAX, Vy = 2.7 V 
1H Input HIGH Current re 7 ma Veo = MAX. Wjceey 
We Input LOW Current | | mA | Voc = MAX, Viy=0.4V 
lec Power Supply Current i bet mA Vec = MAX 


AC CHARACTERISTICS: Ty = 25°C (See Page 4-50 for Waveforms) 


LIMIT: 
Propagation Delay, Other Input LOW Li ee 7 ew 
‘ 23 
Propagation Delay, Other Input HiGH 23 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 















SYMBOL TEST CONDITIONS 
Vec =5.0V 


Cy = 15 pF, Ri = 2.0 kQ 
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SN54LS266/SN74LS266 


QUAD 2-INPUT EXCLUSIVE NOR GATE 






TRUTH TABLE 





*Open Collector Outputs 






PART NUMBERS TEMPERATURE 





—§5°C to 125°C 
O°C to 75°C 





SNS54LS266X 
SN74LS266X 


















X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip..See reekegng reek 


% 





MAX UNITS TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH voltage 
for All Inputs 






a 


Guaranteed Input LOW Voltage 
for All Inputs 


Veo iapet Clamp Diode Voltage 


é — 

i 

ae 

: ——s 
— 

[| 

fa 

He soil 

eal 

feel 


Voc = MIN, ty = -18 mA 

Vec = MIN, Voy = 5.5 V 

“he = Vip Or Vi per Truth Table 
OL = 4.0 MA | Voc = MIN, Ving = Virq 


t= 8.0 mA | or Vy, per Truth Table 


Vec = MAX, VIN =0.4V 
A | Vcc = MAX 


54,74 
VoL Output LOW Voltage 
lH Input HIGH Current 


tie Input LOW Current 
lec Power Supply Current 


Z 


> 


m. 


‘= 
3|3/5 


3 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


Coomera ren A 
en 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
2. Typical timits are at Voc = 5.0 V, Ta = 25°C. 















SYMBOL TEST CONDITIONS 







Cy = 15 pF, Ry = 2.0kN 








SN54LS279/SN74LS279 


QUAD SET-RESET LATCH 


Vec 3 R Qa sy 8 R a 









TRUTH TABLE 


INPUTS OUTPUT L = LOW Voltage Level 
| RY (Q) H = HIGH Vottage Level 
L h X = Don’t Care 
H H h = The output is HIGH as long as 
H H S71 or So is LOW. If all inputs go 
H!GH simultaneously, the output 
L L state is indeterminate; otherwise, 
H_ |No Change it follows the Truth Table. 


SUPPLY VOLTAGE (Vcc) 


aa a 


X= Package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product, 












PART NUMBERS TEMPERATURE 









—55°C to 125°C 
O°C to 75°C 


SNS54LS279X 
SN74LS279X 





DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
SYMBOL PARAMETER NIT: TEST CONDITIONS (Note 1 
“ pan Tone Twa joe we 


Guaranteed Input HIGH voltage 


Vin Input HIGH Voltage 2.0 for All Inputs 


0.7 Guaranteed Input LOW Voltage 


Vit Input LOW Voitage for All Inputs 

Vc = MIN, iy = —18 mA 

Voc = MIN, toy = ~400 vA 

Vin = Ving oF Viz per Truth Table 


Vv lot =40mA Vec = MIN, VIN = Vin 
Vv lo = 8.0 mA | or Vi_ per Truth Table 


A Voc = MAX, VIN =2.7V 
mA Vec = MAX, VIN =10V 
A Vec = MAX, ViN =0.4V 


N] OI 
iy 


Veo Input Clamp Diode Voltage 


VoH Output HIGH Voltage 


VoL Output LOW Voltage 


aQjnaytoa 
BIA LHRLTA 
~ 
eS 
NM] h 
No 
W]w 
ayS 
°o 
_ 


~N 


N 
fo) 
.s 


lH Input HIGH Current 


he Input LOW Current 


I Output Short Circuit 
OS Current (Note3) e168 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


Vec = MAX, VouT =OV 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


PARAMETER eile UNITS 


ee 
aa a se 













SYMBOL TEST CONDITIONS 


PHL 
_ Propagation Delay, R to Output 
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SN54LS365/SN74LS365 @ SN54LS366/SN74LS366 
SN54LS367/SN74LS367 @ SN54LS368/SN74LS368 


SN54LS365/SN74LS365 SN54LS366/SN74LS366 
HEX 3-STATE BUFFER WITH HEX 3-STATE INVERTER BUFFER 
COMMON 2-INPUT NOR ENABLE WITH COMMON 2-INPUT NOR ENABLE 


Vcc a Vec ra 
16 | iol [2 | 
ar) tp by 
aml : iat 


TRUTH TABLE TRUTH TABLE 


Lavina 
Ly} LAL 


L on ie es ae H 
H L 
(Z) (Z) 
(2) (Z) 


SN54LS367/SN74LS367 SN54LS368/SN74LS368 
HEX 3-STATE BUFFER HEX 3-STATE INVERTER BUFFER 
SEPARATE 2-BIT AND 4-BIT SECTIONS SEPARATE 2-BIT AND 4-BIT SECTIONS 


TRUTH TABLE TRUTH TABLE 


INPUTS INPUTS 
eurs OUTPUT EID OUTPUT 
OS Po LIL H 
tL} H ; L| H L 
H| X (Z) H| X (Z) 


DESCRIPTION — The LS365/366/367/368 are high speed hex buffers with 3-state outputs. They are organized as single 
6-bit or 2-bit/4-bit, with inverting or non-inverting data (D) paths. The outputs are designed to drive 15 TTL Unit Loads or 
60 Low Power Schottky loads when the Enable (E) is LOW. 


When the Output Enable Input (E) is HIGH, the outputs are forced to a high impedance “off” state. If the outputs of the 
3-state devices are tied together, all but one device must be in the high impedance state to avoid high currents that would 
exceed the maximum ratings. Designers should ensure that Output Enable signals to 3-state devices whose outputs are tied 
together are designed so there is no overlap. 
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SN54LS365/SN74LS365 © SN54LS366/SN74LS366 
SN54LS367/SN74LS367 @ SN54LS368/SN74LS368 


GUARANTEED OPERATING RANGES 


PART NUMBERS SUPEEY VOUIAGE TEMPERATURE 
ee 


SN54LS365X SNS54LS366X 
SNS4LS367X SN54LS368X 


SN74LS365X SN74LS366X 
SN74LS367X SN74LS368X 


—55°C to 125°C 


O°C to 75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


ows UNITS | TEST CONDITIONS 


Guaranteed Input HIGH Voltage 
for All Inputs 


SYMBOL PARAMETER 


Input HIGH Voltage 


0.7 Guaranteed Input LOW Voltage 


for All inputs 


Voc = MIN, hy =-18 mA 


Input LOW Voltage 


Input Clamp Diode Voltage 


Output HIGH Voltage 


lon = —1.0 MA] Voc = MIN, Vin = Vip oF 
1oH = —2.6 mA| Vi, per Truth Table 
lol =12mA_ | Voc = MIN, Vin = Vin oF 
lo. = 24mA_ | Vi, per Truth Table 

Voc = MAX, Voyt = 2.4 V, Ve = 2.0 V 

| -20 | wA | Voc =MAX, Vout = 0-4 V, Ve =2.0V 

A Voc = MAX, Vin = 2.7 V 
Input HIGH Current | 20 | A | Voc iN 


Input LOW Current | {| 0.4 | mA | Voc = MAX, Viy = 0.4 V 


Output Short Circuit 
Ver = MAX, V =OV 
Current (Note 3) cc OUT 


Output LOW Voltage 


= 
late | lalele| 


Output Off Current HIGH 
Output Off Current LOW 


| 
Bas 
—0.65 
Centres am ae 
cae 
ees — 
[036 | 
food 
Re 
ia 


LS365 /367 
LS366 /368 


Power Supply 


lec Current Vec = MAX, Vin = 0 V. VE = 45V 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ty = 25°C, Vcc = 5.0 V (See Page 4-41 for Waveforms) 


SYMBOL PARAMETER 
Propagation Delay, Data to Output 
(LS365 « LS367) 


Propagation Delay, Data to Output 
(LS366 ¢ LS368) 
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AC WAVEFORMS 


AC TEST CIRCUITS AND WAVEFORMS 


The following test circuits and conditions represent Motorola’s typical AC test procedures. The output loading for 
standard Low Power Schottky devices is a 15 pF capacitor. Experimental evidence shows that test results using the 
additional diode-resistor load are within 0.2 ns of the capacitor only load. The capacitor only load also has the 
advantage of repeatable, easily correlated test results. The input pulse rise and fall times are specified at 6 ns to closely 
approximate the Low Power Schottky output transitions through the active threshold region. The specified propaga- 
tion delay limits can be guaranteed with a 15 ns input rise time on all parameters except those requiring narrow pulse 
widths. Any frequency measurement over 15 MHz or pulse width less than 30 ns must be performed with a 6 ns input 
rise time. 


Test Circuit for Standard Output Devices Optional Load (Guaranteed—Not Tested) 


DEVICE UNDER Cut 
TEST il, 


*Includes all probe and jig capacitance 


Test Circuit for Open Collector Output Devices Pulse Generator Settings 
(unless otherwise specified) 


Frequency = 1 mHz 
Duty Cycle = 50% 
trLH (tp) = 6 ns 

tTHL (ts) = 6 ns 
Amplitude = 0 to 3 V 


DEVICE UNDER = 
TEST T 5 pF* 


*includes all probe and jig capacitance 


Waveform for Inverting Outputs Waveform for Non-inverting Outputs 





AC WAVEFORMS 


WAVEFORMS FOR LS73, LS74, LS109, LS112,LS113, AND LS114 


Fig. 1 CLOCK TO OUTPUT DELAYS, 
DATA SET-UP AND HOLD TIMES, CLOCK PULSE WIDTH 


we ts(L) —> 





Fig. 2 SET AND CLEAR TO OUTPUT DELAYS, 
SET AND CLEAR PULSE WIDTHS 





Fig. 3 CLOCK TO OUTPUT DELAYS, DATA 
SET-UP AND HOLD TIMES, CLOCK PULSE WIDTH 








*The shaded areas indicate when the input is permitted to change for predicatable output performance. 
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LOW POWER SCHOTTKY 








MSI Data Sheets 5 


5-1 


SN54LS42/SN74LS42 
ONE-OF-TEN DECODER 


DESCRIPTION — The LSTTL/MSI SN54LS42/SN74LS42 


is a Multipurpose 


Decoder designed to accept four BCD inputs and provide ten mutually exclusive 
outputs. The LS42 is fabricated with the Schottky barrier diode process for high 


speed and is completely compatible with all Motorola TTL families. 


MULTI-FUNCTION CAPABILITY 
MUTUALLY EXCLUSIVE OUTPUTS 
DEMULTIPLEXING CAPABILITY 


FULLY TTL AND CMOS COMPATIBLE 


PIN NAMES 


Ag — A3 Address Inputs 
Oto9d Outputs, Active LOW (Note b) 


NOTES: 
a. 1TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 





INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 


LOADING (Note a) 


10 ULL. 


0.25 U.L. 
5(2.5) U.L. 


b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 


Temperature Ranges. 


LOGIC DIAGRAM 


Vcc = Pin 16 
GND=Pin 8 
© = Pin Numbers 


5-2 








EEE eoedtapeere eum 


LOGIC SYMBOL 


15 14 13 12 


Ag Ar Ag Ag 


0123456789 





123456791011 


Vec =Pin 16 
GND=Pin 8 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 





NOTE: 

The Flatpak version has the sami 
pinouts (Connection Diagram) as thi 
Dual In-Line Package. 


Ue oienees 


SN54LS42/SN74LS42 


FUNCTIONAL DESCRIPTION — The LS42 decoder accepts four active HiGH BCD inputs and provides ten mutually 
exclusive active LOW outputs, as shown by logic symbol or diagram. The active LOW outputs facilitate addressing other MSI 
units with active LOW input enables. 


The logic design of the LS42 ensures that all outputs are HIGH when binary codes greater than nine are applied to the 
inputs. 


The most significant input Ag produces a useful inhibit function when the LS42 is used as a one-of-eight decoder. The A3 
input can also be used as the Data input in an 8-output demultiplexer application. 





TRUTH TABLE 











ee ee es Le L H HHH HHH HH 
H LCL LoL H t H H H H H H H H 
L H LeL HH iL HH HHHHH 
H H LL H HH L HHH HHH 
L Lb HL H H HHL HH HHH 
H LC HL H H H HH LH HHH 
L H HL H H H H H H L HHH 
H H HL H HH HH HHL HH 
L bc ew 4H H H H HH HHH LH 
H L t #H H H H H H H H HHL 
L H L H H H H H H H H HH H 
H H L H H H H H H H H HHH 
L L H H H H H H H H HH HH 
H LH 4H H H H H H H H HHH 
tL H H H H H H H H H H H HH 
HH H H H H H H H H H HHH 








H = HIGH Voltage Level 
L = LOW Voitage Level 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5Vto +7.0V 
*Input Voltage (dc) —0.5Vto+15V 
* Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 Vto +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Ejither Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 
LA SS 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 

















PART NUMBERS TEMPERATURE 


SN54LS42X 
SN74LS42X 


—§5°C to+ 125°C 
O°C to +75°C 
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SN54LS42/SN74LS42 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER UNITS TEST CONDITIONS 


Guaranteed Input HIGH Threshold 


Vv | | 
IH nput HIGH Voltage Voitage for All inputs 


N 
°o 


NO 
=] 


jo) 
~ 


‘ > 
x 


Guaranteed Input LOW Threshold 


V Input Li Vol 
IL put LOW Voltage Voltage for All inputs 


~ 
a 


Vep Input Clamp Diode Voltage Vec= MIN, liq = -18 MA 
Vec = MIN, lon = —400 HA 


Vin = Vin oF Viz per Truth Table 


Vv lot = 4.0 mA | Vcc = MIN, Vin = ViH oF 
V lo = 8.0 mA | Vi, per Truth Table 

ret Vec = MAX, VIN =2.7V 

A Vec = MAX, Vin = 10 V 


Output HIGH Voltage 


o 
a 


54,74 
Output LOW Voltage 


N 
oO 
> 


Input HIGH Current 


3 


Input LOW Current 


3 
> 


Output Short Circuit 
Current (Note 4) 


3 


A Vec = MAX, Vout =OV 


3 


~ 
° 


Power Supply Current A Vcc = MAX 


NOTES: 

, Conditions for testing, not shown in the Table, are chosen to guarantee operation under “worst case” conditions. 

. The specified LIMITS represent the “worst case’’ value for the parameter. Since these ‘‘worst case” values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C 


SYMBOL PARAMETER 
Propagation Delay 
(2 Levels) 
Propagation Delay 
(3 Levels) 


AC WAVEFORMS 





SN54LS83A/SN74LS83A 
4-BIT BINARY FULL ADDER WITH FAST CARRY 













DESCRIPTION — The SN54LS83A/SN74LS83A is a high-speed 4-Bit Binary Full 
Adder with internal carry lookahead. It accepts two 4-bit binary words (Aj — Aq, 
By — Bq) and a Carry Input (Cjpy). It generates the binary Sum outputs (24 — 4) 
and the Carry Output (Coy) from the most significant bit. The LS83 operates 
with either active HIGH or active LOW operands (positive or negative logic). The 
SN54LS283/SN74LS283 is recommended for new designs since it is identical in 
function with this device and features standard corner power pins. 


LOGIC SYMBOL 














PIN NAMES LOADING (Note a) 

Ay, —A4g Operand A Inputs ae 
By —Bg Operand B Inputs Tour 
Cin Carry Input ¥1 Ez 23 tq Cs 
24-24 Sum Outputs (Note b) 

COUT Carry Output (Note b) 5(2.5) U.L. 





NOTES: it +1 

a. 1 TTL Unit Load (U.L.) = & A'HIGHITS A LOW. 

b. The Output LOW drive facs a5 U.L.-for Military (54) and 5 U.L. for Commercial (74) 
Temperature . 





Vec =Pin 5 
GND = Pin 12 









LOGIC DIAGRAM 


1@1@|® 1@ 10 
amie 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 







NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


Vcc =Pin 5 
GND = Pin 12 
© = Pin Numbers 
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SN54LS83A/SN74LS83A 


FUNCTIONAL DESCRIPTION — The LS83 adds two 4-bit binary words {A plus B) plus the incoming carry. The binary 
sum appears on the sum outputs (24 — 24) and outgoing carry (COUT) outputs. 


Cint+(A4+B4)+2(A2+B2)+4(A3+B3)+8(Aq+Bq) = 24+227+423+824+16COQUT 


Where: (+) = plus 


Due to the symmetry of the binary add function the LS83 can be used with either all inputs and outputs active HIGH 


(positive logic) or with all inputs and outputs active LOW (negative logic). Note that with active HIGH inputs, Carry In can 
not be left open, but must be held LOW when no carry in is intended. 


few [eft we w fate w[y wea |e 
feonnoi] efe sey fee afr ee] +] own 
feocov [ofr eo toler yefoo 1 |e | tempers 


Interchanging inputs of equal weight does not affect the operation, thus Cjj, Ay, B7, can be arbitrarily assigned to pins 10, 
11, 13, ete. 


Example: 


ABSOLUTE MAXIMUM RATINGS above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc) —0.5Vto +15 V 
* Input Current (dc) ~—30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 V to +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SAR NUNISERS SUPPLY le (Vec) 


SN54LS83AX 


TEMPERATURE 


—55°C to +125°C 
SN74LS83AX : ; ; O°C to +75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging information Section for packages available on this product. 
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SN54LS83A/SN74LS83A 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER ell 
Input HIGH Voitage 


ee ee 


Input Clamp Diode Voltage 


Output HIGH Voltage 
74 
54, 74 
Output LOW Voltage aa 


Input HIGH Current 
Cin 
Any AorB 


Cin 
Any Aor B 


Input LOW Current 


Cin 
Any AorB 


Output Short Circuit 

Current (Note 4) 

Power Supply Current 
NOTES: 


. Conditions for testing, not shown in the Table, are chosen to guarantee operation under “worst case’’ conditions. 

. The specified LIMITS represent the ‘worst case’ value for the parameter. Since these ‘‘worst case’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

. Not more than one output should be shorted at a time. 


UNITS TEST CONDITIONS (Note 1) 


= 
E 


Guaranteed Input HIGH Voltage 
for All Inputs 


Guaranteed input LOW Voltage 
for Alt Inputs 


Vec = MIN, lin =-18mMmA 


Voc = MIN, Igy = —400 vA 
Vin = Vin or Viz per Truth Table 


Vv loL = 4.0 mA} Vcc = MIN, Vin = Vi or 
Vv lol = 8.0 mA) Vi, per Truth Table 


Vec = MAX, VIN =2.7V 


Ni 
No 


> 


Vec = MAX, Vin = 10V 


3 


3 


Vcc = MAX, Vout =OV 


Vec = MAX, All Inputs O V 
Vec = MAX, A Inputs = 4.5 V 


3 


.S 


N 
N 
w ‘ 
3 


AC CHARACTERISTICS: Ta = 25°C 


SYMBOL PARAMETER ous uns TEST CONDITIONS 


Propagation Delay, Cy Input 
to Any 2 Output 


Propagation Delay, Any A or B Input Veco = 5.0 V 
to Outputs Cy = 15 pF 


Propagation Delay, Cjqy Input Figures 1 and 2 
to Court Output 


Propagation Delay, Any A or B Input 
to Cout Output 
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SN54LS85/SN74LS85 
4-BIT MAGNITUDE COMPARATOR 


DESCRIPTION — The SN54LS85/SN74LS85 4-Bit Magnitude Comparator compares two 4-bit words (A and B) and 
indicates their relative value by a high level on output A > B, A = B,orA < B. For words greater than 4 bits, units 
can be cascaded by connecting the outputs to the corresponding inputs of the stage handling the next most significant 
bit. A high leve! must be applied to the A = B input of the least significant bit. 


LOGIC DIAGRAM 


Data Inputs 


Vcc A3 B2 A2 At B1 AO BO 


B3 A<B A=B A>B A>B A=B A<B Gnd 


Data Cascade Outputs 
Input Inputs 





FUNCTION TABLES 


DATA INPUTS CASCADE INPUTS OUTPUTS 
A3,B3 | A2,B2 | A1,B1 {| AO0,BO}A>B A<B A=BiA>B A<B A#=B 
Xx Xx 


x 
x 
x 
= 
- 
- 


Xx X 
Xx X 
Xx X 
Xx Xx 
x X 
x Xx 
x X 
H L 
L H 
L L 
Xx Xx 
H H 
L L 


cet Dtdeere KKK KK K XK 
Lot Prom he ea eee Lr 
Ler rire tle fret rs 
ror DB Lee Se eee eee 





H = high level, L = low level, X = irrelevant. 
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SN54LS90/SN74LS90 @ SN54LS92/SN74LS92 
DECADE COUNTER DIVIDE-BY-TWELVE COUNTER 


SN54LS93/SN74LS93 
4-BIT BINARY COUNTER 


DESCRIPTION — The SN54LS90/SN74LS90, SN54LS92/SN74LS92 and 
SN54LS93/SN74LS93 are high-speed 4-bit ripple type counters partitioned into 
two sections. Each counter has a divide-by-two section and either a divide-by-five LS90 
(LS90), divide-by-six (LS92) or divide-by-eight (LS93) section which are triggered 67 

by a HIGH-to-LOW transition on the clock inputs. Each section can be used 
separately or tied together (Q to CP) to form BCD, bi-quinary, modulo-12, or 
modulo-16 counters. All of the counters have a 2-input gated Master Reset (Clear), 
and the LS90 also has a 2-input gated Master Set (Preset 9). 


LOGIC SYMBOL 


Q G, A Q3 


e LOW POWER CONSUMPTION ... TYPICALLY 45 mW tae ee 

@ HIGH COUNT RATES... TYPICALLY 50 MHz ee 

® CHOICE OF COUNTING MODES .. . BCD, BI-QUINARY, ie ee 
DIVIDE-BY-TWELVE, BINARY NC = Pins 4, 13 

© INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 


@ FULLY TTL AND CMOS COMPATIBLE LS92 


PIN NAMES LOADING (Note a) 





CP Clock (Active LOW going edge) Input to 1.5 U.L. 
+2 Section 67 1211 9 8 
CP, Clock (Active LOW going edge) Input to 2.0 ULL. 2.0 U.L. Voc = Pind 
+5 Section (LS90), +6 Section (LS92) GND = Pin 10 
CP, Clock (Active LOW going edge) Input to 1.0 ULL. 1.0 ULL. NC = Pins 2, 3, 4, 13 
+8 Section (LS93) 
MRy,MRo Master Reset (Clear) Inputs O5U.L. | 0.25 ULL. LS93 
MS, MSo Master Set (Preset-9, LS90) Inputs 0.5 ULL. 0.25 ULL. 
Qo Output from +2 Section (Notes b & c) 10 ULL. 5(2.5) U.L. 
Q}, Qg, A3 Outputs from +5 (LS90), +6 (LS92), 10 ULL. 5(2.5) U.L. 
+8 (LS93) Sections (Note b) 
12 9 8 11 
NOTES: Vee = Pin 5 
a. 1 TTL Unit Load (U.L.} = 40 uA HIGH/1.6 mA LOW. GND = Pin 10 
b. The. Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) NC = Pins 4,6,7,13 


Temperature Ranges. ae 
c. The Qo Outputs are guaranteed to drive the full fan-out plus the CP; input of the device. 
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LOGIC DIAGRAM 


LOGIC DIAGRAM 


LOGIC DIAGRAM 


LS90 @ LS92 @ LS93 


© = Pin Numbers 
Vec= Pin 5 
GND = Pin 10 


Q2 


© = Pin Numbers 
Vec =Pin5 
GND = Pin 10 


© = Pin Numbers 


Vec =Pin 5 
GND = Pin 10 
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CONNECTION DIAGRAM 
DIP (TOP VIEW) 


NC = No Internal Connection 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 





NC = No Internal Connection 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


NC = No Internal Connection 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 





LS90 @ LS92 @ LS93 


FUNCTIONAL DESCRIPTION — The LS90, LS92, and LS93 are 4-bit ripple type Decade, Divide-By-Twelve, and 
Binary Counters respectively. Each device consists of four master/slave flip-flops which are internally connected to 
provide a divide-by-two section and a divide-by-five (LS90), divide-by-six (LS92), or divide-by-eight (LS93) section. 
Each section has a separate clock input which initiates state changes of the counter on the HIGH-to-LOW clock 
transition. State changes of the Q outputs dg not occur simultaneously because of internal ripple delays. Therefore, 
decoded output signals are subject to decoding spikes and should not be used for clocks’or strobes. The Qo output of 
each device is designed and specified to drive the rated fan-out plus the CP input of the device. 


A gated AND asynchronous Master Reset (MRyeMRQ) is provided on all counters which overrides and clocks and 
resets (clears) all the flip-flops. A gated AND asynchronous Master Set (MS eMS9) is provided on the LS90 which 
overrides the clocks and the MR inputs and sets the outputs to nine (HLLH). 


Since the output from the divide-by-two section is not internally connected to the succeeding stages, the devices may 
be operated in various counting modes.: 


LS90 
A. BCD Decade (8421) Counter — The CP, input must be externally connected to the Qo output. The CPy input receives the 
incoming count and a BCD count sequence is produced. 


B. Symmetrical Bi-quinary Divide-By-Ten Counter — The Q3 output must be externally connected to the CPy input. The 
input count is then applied to the CP, input and a divide-by-ten square wave is obtained at output Qo. 


C. Divide-By-Two and Divide-By-Five Counter — No external interconnections are required. The first flip-flop is used as a 
binary element for the divide-by-two function (CP as the input and Qo as the output). The CP, input is used to obtain 
binary divide-by-five operation at the Q3 output. 


LS92 


A. Modulo 12, Divide-By-Twelve Counter — The CP, input must be externally connected to the Qp output. The CPo input 
receives the incoming count and Q3 produces a symmetrical divide-by-twelve square wave output. 


B. Divide-By-Two and Divide-By-Six Counter — No external interconnections are required. The first flip-flop is used as a 
binary element for the divide-by-two function. The CP, input is used to obtain divide-by-three operation at the Q, and Oy 
outputs and divide-by-six operation at the Q3 output. 


LS93 


A. 4-Bit Ripple Counter — The output Qy must be externally connected to input CP). The input count pulses are applied to 
input CP9. Simultaneous divisions of 2, 4, 8, and 16 are performed at the Qo, Q;, Q2, and Qg outputs as shown in the 
truth table. 

B. 3-Bit Ripple Counter — The input count pulses are applied to input CP}. Simultaneous frequency divisions of 2,4, and 8 
are available at the Q,, Q9, and Q3 outputs. Independent use of the first flip-flop is available if the reset function 
coincides with reset of the 3-bit ripple-through counter. 
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LS90 @ LS92 © LS93 


LS90 LS92 AND LS93 
MODE SELECTION MODE SELECTION 


RESET 
INPUTS OUTPUTS 


Cn oa 
L 
H 
L 


H 
H 
L 


-~—xx rs 


L 


HIGH Voltage Level 
LOW Voltage Level 
Don't Care 


Tx 
ooua 


IGH Voltage Levelt 
OW Voltage Level 
on‘t Care 


LS90 LS92 LS93. 
BCD COUNT SEQUENCE TRUTH TABLE TRUTH TABLE 


OUTPUT OUTPUT OUTPUT 
COUNT COUNT 
Q % Q Q3 Qo O% A Q3 Q % 8 3 
L 


L L 


Lenker Leo ee oT 
THrertrrmarereitiarorerre 
gee EE LE ee IS 
OnNoahrhwWwNhn— Oo 
OMAN OA FWNH Oo 





woveceen no) B 


NOTE: Output Qg is connected to Input 
CP, for BCD count. 


LF Eb Ee ae 2 re 
THrertrrrrr-l rier 
De Ror er ee a 
pa aes eel at Sas ae a aaa a Soa Ba a 


Note: Output Qg connected to input CP,. 


IDtroreTtTrTrereTairtrreatiTele 
GFIrrTITTTrTTrTrrrrrereeeoe 


H 
L 
H 
L 
H 
L 
H 
L. 
H 
L 
H 
L 
H 
L 
H 


a gage I Wa AM a aa ee lanes Gomes Re GON ee a ae 


Note: Output Qg connected to input CP4. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Vcc Pin Potential to Ground Pin -0.5 V to +7.0 V 
“Input Voltage (dc) -0.5 Vto +15 V 
*Input Current (dc) -30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) ~0.5 V to +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or input Current limit is sufficient to protect the inputs. 





LS90 @ LS92 e LS93 


GUARANTEED OPERATING RANGES 


SUPPLY NOEIAGE en ot 













PART NUMBERS TEMPERATURE 






SNS54LS90X 
SNS4LS92X 
SNS5S4LS93X 


SN74LS90X 
SN74LS92X 
SN74LS93X 


~55°C to +125°C 











O°C to +75°C 





X = package type; W for Flatpak, J for Ceramic Dip, N for Piastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


IMIT: 
SYMBOL PARAMETER UNITS TEST CONDITIONS (Note 1) 


Vi Input HIGH Voltage Guaranteed input HIGH Voltage 
for All Inputs 
0.7 | Vol 
Vi input LOW Voltage | 07 | Vv Guaranteed Input LOW Voltage 
for All Inputs 


Voc = MIN, hy = 18 mA 


Vep Input Clamp Diode tt 
Vv Output HIGH Voltage ee 
on ase Vin = Vin oF Vip Per Truth Table 
ab ae ‘OL = 4.0 mA | Vcc = MIN, Vin = Vin oF 
V output LOW Vottage | 24-74 _| 


Input HIGH Current 

MS, MR 

CPo 

CP, (LS93) 

CP, (LS90, LS92) 
NH 

MS, MR 

CPo, CP, (LS93) 

CP, (LS90, LS92) 


Input LOW Current 
MS, MR 
Ne CPo 
CP y (LS93) 
CP, (LS90, LS92) 


Output Short Circuit 
Icc Power Supply Current beta Vec= MAX 


NOTES 

1. Conditions for testing, not shown in the table, are chosen to guarantee operation under ‘worst case”’ conditions. 

2. The specified LIMITS represent the “‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

3. Typical limits are at Voc = 5.0 V, Ta = - 25° C, and maximum loading. 

4. Not more than one output should be shorted at a time. 


Vv 


uA Vec = MAX, VIN =2.7V 


Vec = MAX, Vin = 10 V 
mA Vcc = MAX, Vin = 5.5 V 
Vec = MAX, Vin = 5.5 V 








LS90 @ LS92 @ LS93 


AC CHARACTERISTICS: Ta = 25°C, Voc = 5.0 V, Cy = 15 pF 


LIMITS 
SYMBOL PARAMETER LS92 


CPg Input Count Frequency 
CP, Input Count Frequency 


Propagation Delay, 

CPo Input to Qo Output 
CP, Input to Q] Output 
CP, Input to Qo Output 


CP, Input to Q3 Output 


CP input to Qg Output 
MS Input to Qo and Q3 Outputs 
MS Input to Q] and QoOutputs 
MR Input to Any Output 


w 
nN 
> 


30 


Ahi wWwWlwwl]h = = 
OO/AN Ian] “oO x 
Qp!]l WoW TNA I]TN= = 
OO) AN | HHO1- 


SYMBOL PARAMETER 


CPo Pulse Width 
CP, Pulse Width . 


MR Pulse Width 


Recovery Time MS to cP 
Recovery Time MR to CP 


RECOVERY TIME (trag) is defined as the minimum time required between the end of the reset pulse and the clock transition from HIGH-to- 
LOW in order to recognize and transfer HIGH data to the O outputs. 


| MIN | 
eee! 
2 
Psriewan 
pete 
se 
p25 {| 


AC WAVEFORMS 


1.3V 


—<+— tw 
'PLH 


1.3V 





Fig. 1 


*The number of Clock Pulses required between the tp and tp, }y measurements can be determined from the appropriate Truth Tables. 


Qp, 03 
(L$90) 





SN54LS95B/SN74LS95B 
4-BIT SHIFT REGISTER 


DESCRIPTION — The SN54LS95B/SN74LS95B is a 4-Bit Shift Register with serial 
ind parallel synchronous operating modes. The serial shift right and parallel load 
ire activated by separate clock inputs which are selected by a mode control input. 
The data is transferred from the serial or parallel D inputs to the Q outputs 62345 
iynchronous with the HIGH to LOW transition of the appropriate clock input. 


LOGIC SYMBOL 


S Po Py P2 P3 


The LS95 is fabricated with the Schottky barrier diode process for high speed and 
s completely compatible with all Motorola TTL families. 








Qo Q; Q2 3 
e SYNCHRONOUS, EXPANDABLE SHIFT RIGHT Da rae 
e SYNCHRONOUS SHIFT LEFT CAPABILITY 
e» SYNCHRONOUS PARALLEL LOAD ' “Vec = Pin 14 
» SEPARATE SHIFT AND LOAD CLOCK INPUTS GND = Pin 7 
» INPUT CLAMP DIODES LIMIT. HIGH SPEED TERMINATION EFFECTS: 
» FULLY TTL AND CMOS COMPATIBLE 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 








PIN NAMES 

S Mode Control Input 0.25 U.L. 

Ds Serial Data Input e 0.25 ULL. 

Po —P3 alaputs. 0.25 U.L. 

cP, (Active LOW Going 1.0 UL 0.5 ULL. 

CP2 ® Parallel Clock (Active LOW Going 1.0 ULL. 0.5 ULL. 

Edge) Input 
Qo — Q3 Parallel Outputs (Note b) 10 U.L. 5(2.5) ULL. 
NOTES: NOTE: 


The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual! In-Line Package. 


a, 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 
>». The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. 


LOGIC DIAGRAM Po Py P, Py 





Vec = Pin 14 
GND=Pin 7 
© = Pin Numbers 





SN54LS95B/SN74LS95B 


FUNCTIONAL DESCRIPTION — The LS95 is a 4-Bit Shift Register with serial and parallel synchronous operating modes. 
It has a Serial (Ds) and four Parallel (Pg — P3) Data inputs and four Parallel Data outputs (Qo — Qg). The serial or parallel 
mode of operation is controlled by a Mode Control input (S) and two Clock inputs (CP,) and (CP). The serial (right-shift) or 
parallel data transfers occur synchronous with the HIGH to LOW transition of the selected clock input. 


When the Mode Control input (S) is HIGH, CP is enabled. A HIGH to LOW transition on enabled CP5 transfers parallel data 
from the Pg — P3 inputs to the Qp — Q3 outputs. 


When the Mode Control input (S) is LOW, CP, is enabled. A HIGH to LOW transition on enabled CP, transfers the data from 
Serial input (Dg) to Qg and shifts the data in Qo to Qy, Qy to Oy, and Qo to Qz respectively (right-shift). A left-shift is 
accomplished by externally connecting Q3 to Po, Qg to Py, and Qy to Po, and operating the 9LS95 in the parallel mode 
(S = HIGH). 


For normal operation, S should only change states when both Clock inputs are LOW. However, changing S from LOW to 
HIGH while CP i is HIGH, or changing S from HIGH to LOW while CP, is HIGH and CPoi is LOW will not cause any changes 
on the register outputs. 


MODE SELECT — TRUTH TABLE 


INPUTS OUTPUTS 
OPERATING MODE 


Parallel Load 


Mode Change 


= LOW Voltage Level 
= HIGH Voltage Level 

= Don't Care 

LOW Voltage Level one set-up time prior to the HIGH to LOW clock transition. 

HIGH Voltage Level one set-up time prior te the HIGH to LOW clock transition. 

= Lower case letters indicate the state of the referenced input (or output) one set-up time prior to 
the HIGH to LOW clock transition. 














a a 
No Change 
No Change 
Undetermined 
Undetermined 
No Change 









Undetermined 
No Change 


sone 


azar elo 
ccknsionsht © oe 


x KX KX KX KX KK XK 





xir 
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SN54LS95B/SN74LS95B 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc) —0.5Vto+t15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 V to +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


PART NUMBERS SEPPEL VORTAGE Wer! TEMPERATURE 


P MAX 


SN54LS95BX 45 V 5.5 V —55°C to +125°C 
SN74LS95BX 4.75 V 5.25 V O°C to +75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Piastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 
LIMITS 


SYMBOL PARAMETER UNITS TEST CONDITIONS 


Vin Input HIGH Voltage 2.0 
Input LOW Voltage 
74 


Input Clamp Diode Voltage 


Vou Output HIGH Voltage 
74 
54,74 
Output LOW Voltage 


Input HIGH Current 
CP1, CP2, Dg, Po, Py, Pa, P3, 
Ss 


CP 4, CP2, Dg, Po, Py, Pa, P3, 
S 


Input LOW Current 
CP3, CP, Dg, Po, P71, Po, P3, 
Ss 


MAX 


Guaranteed Input HIGH Threshoid 
Voltage for All Inputs 


Guaranteed Input LOW Threshold 
Voltage for All Inputs 


Vcc = MIN, NIN =-18mA 
Vec = MIN, lon = -—400 vA 
Vin = Ving or Viz per Truth Table 


Vv lot = 4.0 MA! Vcc = MIN, Vin = ViH or 
Vv lo_ = 8.0 mA} Vy, per Truth Table 


Vcc = MAX, VIN =2.7V 


2.5 
2.7 


0.4 


& 


> 


Vec = MAX, Vin =10V 


92 O°lpn © 
N=-106 N 


3 
> 


Vec = MAX, VIN =04V 


Output Short Circuit 
Current (Note 4) 


Power Supply Current 
NOTES: 


. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions. 

. The specified LIMITS represent the “worst case” value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

. Not more than one output should be shorted at a time. 


Vec = MAX, Vout = Ov 


~ 
Ww 
=| a 


N 
B 


Voc = MAX 





SN54LS95B/SN74LS95B 


AC CHARACTERISTICS: Ta, = 25°C 


SYMBOL PARAMETER 


Shift Frequency 


Propagation Delay, 
Clock to Output 


YMB PARAMETER 


DEFINITIONS OF TERMS: 


SET-UP TIME (t,) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from HIGH to LOW in order to be recognized and transferred to the outputs. 


HOLD TIME (t,,) — is defined as the minimum time following the clock transition from HIGH to LOW that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from HIGH t6 LOW and still be recognized. 


AC WAVEFORMS 
The shaded areas indicate when the input is permitted to change for predictable output performance. 


ff a 


) 

_ = *The Data Input is 

TP, OR CP 13V 13V A (Dg for CP) or (Pp for CP9). 

|~§_<w 

WA gg 9 

ny TPLH 
Fig. 1 


ts(H) *s(L) *s(H) 


thi) *S(L) hit OR H) 


V3V 1.3V 
(een *S(L) 





SN54L8S138/SN74LS138 
1-OF-8 DECODER/DEMULTIPLEXER 


DESCRIPTION — The LSTTL/MSI SN54LS138/SN74LS138 is a high speed 1-of-8 
Decoder/Demultiplexer. This device is ideally suited for high speed bipolar memory 
chip select address decoding. The multiple input enables allow parallel expansion to 
a 1-of-24 decoder using just three LS138 devices or to a 1-of-32 decoder using four 
LS138s and one inverter. The LS138 is fabricated with the Schottky barrier diode 
process for high speed and is completely compatible with all Motorola TTL 
families. 


LOGIC SYMBOL 






® DEMULTIPLEXING CAPABILITY 
@¢ MULTIPLE INPUT ENABLE FOR EASY EXPANSION 
¢ TYPICAL POWER DISSIPATION OF 32 mW 
e ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS 
e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS Og 0, O7 03 04 Og Og 07 
® FULLY TTL AND CMOS COMPATIBLE if if if i 
1814 13 12:11:10 9 «7 
PIN NAMES LOADING (Note a) 
Ag — A2 Address Inputs 0.25 U.L. 
Ey, Eg Enable (Active LOW) Inputs 0.5 U.L. 0.25 U.L. 
E3 " Enable (Active HIGH) Input 0.5 ULL. 0.25 ULL. Voc = Pin 16 
Og — O7 Active LOW Outputs (Note b) 10 ULL. 5 (2.5) ULL. GND =Pin 8 
NOTES: 
a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) CONNECTION DIAGRAM 
Temperature Ranges. DIP (TOP VIEW) 


LOGIC DIAGRAM 


Voc = Pin 16 
GND=Pin 8 
© = Pin Numbers 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual tn-Line Package. 





SN54LS138/SN74LS138 


FUNCTIONAL DESCRIPTION — The LS138 is a high speed 1-of-8 Decoder/Demultiplexer fabricated with the low 
power Schottky barrier diode process. The decoder accepts three binary weighted inputs (Ap, Ay, Ag) and when 
enabled provides eight mutually exclusive active LOW outputs (Og-07). The LS138 features three Enable inputs, two 
active LOW (Ej, Eg) and one active HIGH (E3). All outputs will be HIGH unless Ey and Eg are LOW and E3 is 
HIGH. This multiple enable function allows easy parallel expansion of the device to a 1-of-32 (5 lines to 32 lines) 
decoder with just four LS138s and one inverter. (See Figure a.) 


The LS138 can be used as an 8-output demultiplexer by using one of the active LOW Enable inputs as the data input 
and the other Enable inputs as strobes. The Enable inputs which are not used must be permanently tied to their 
appropriate active HIGH or active LOW state. 


TRUTH TABLE 


INPUTS OUTPUTS 


ae ee ee 


Sg! 
ol 
ol 
rm) 
ol 
S 
Ol 
oT 


rTemer reer oe cK KT 
rPrreoer rere Ke Sx 
rrrrriririrx.x 
=rt rt rot ce xx 
rrrrrrreexx.x 
rrrrrerererxxe™x 
rrrrririrri1ere 
rrrirrxrrirrig4g 
a oie i pte es a ee Re oe ie A 
rrrrrirriririe4 
rrirrrrrririre.l 
Zrirrrrrrird3g. 
fo 2 se est 2 ee | 8! 
Ao ae ae ae ee | 59 


r 
=x 


HIGH Voltage Level 
LOW Voltage Level 
Don't Care 


Ag Ar Ag Ap Ay Ag ~ Ag Ay Ag Ap Ai Ag 


L$138 LS138 LS138 LS138 


Op Oy Op 03 04 Og Og Oy Op 0; 07 03 O4 Og Og 07 Op 0; Op 03 04 Og Og 07 Og 0, 07 03 04 05 Og 07 


O OO Q Oo OO QO 0 O Q ©) O) O ©) O Qg O O QO O O QO O O OY QO O Od OO ODO 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin ~0.5 V to +7.0 V 
* Input Voltage (dc) —0.5 Vto +15 V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) © —0.5 V to +10 V 
Output Current (dc) (Output LOW) +50 mA 

*Ejither Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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SN54LS138/SN74LS138 


GUARANTEED OPERATING RANGES 













SUPPLY VOLTAGE (Vcc) 
TYP 


A LS 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


PART NUMBERS TEMPERATURE 


—55°C to +125°C 
O°C to +75°C 


SN54LS138X 
SN74LS138X 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
Sis [| ums 
S OL PARAMETER UNITS TEST CONDITIONS 


Guaranteed Input HIGH Threshold 


Vv Input HIGH Voltage 
IH P 9 Voltage for All Inputs 


Guaranteed Input LOW Threshold 
Voltage for All Inputs 


L2o8. 
| -15 |v Voc = MIN, tiy = 18 mA 
ea 
Pe 


Vit Input LOW Voltage 


~ 


Veo Input Clamp Diode Voltage 


V, Output HIGH Voltage 
is 
Output LOW Voltage 


Voc = MIN, Iqy = —400 vA 
Vin = Vir or Vip per Truth Table 


oes 

aes 

[-0.68 | 

| 3.4 

az 

| 0.35 | Vv Vi_ per Truth Table 
| 10 | 

Boi 

_ 

|_83_| 


VoL 


rm 


N 
: 


LA Vec = MAX, VIN =2.7V 
| 0.1 | mA Voc = MAX, Vin = 10 V 
[0.38 | mA | Voc™ MAX Viy=0.4 V 


| 10 | ma | Voc = MAX 
NOTES: 


1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘worst case”’ conditions. 

2. The specified LIMITS represent the “worst case’’ value for the parameter. Since these ‘’worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

3. Typical limits are at Vcc = 5.0 V, 25°C, and maximum loading. 

4. Not more than one output should be shorted at a time. 


hy Input HIGH Current 


Input LOW Current 


; Output Short Circuit 
OS Current (Note 4) 


Icc Power Supply Current 


AC CHARACTERISTICS: Ta = 25°C 


LIMITS 
MAX 


(a HC 
1 
1 





SYMBOL PARAMETER 





Propagation Delay 
Address to Output 


P 
1 
9 


9.0 
17 






Propagation Delay, 
E} or Ey to Output 





Vout 1.3V 13V Vout 1.3V 1.3V 
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SN54LS139/SN74LS139 
DUAL 1-OF-4 DECODER 


DESCRIPTION — The LSTTL/MSI SN54LS139/SN74LS139 is a high speed Dual 

. : : ; LOGIC SYMBOL 
1-of-4 Decoder/Demultiplexer. The device has two independent decoders, each 
accepting two inputs and providing four mutually exclusive active LOW outputs. 
Each decoder has an active LOW Enable input which can be used as a data input for 
a 4-output demultiplexer. Each half of the LS139 can be used as a function genera- 
tor providing all four minterms of two variables. The LS139 is fabricated with the 
Schottky barrier diode process for high speed and is completely compatible with ail 
Motorola TTL. families. 


¢ SCHOTTKY PROCESS FOR HIGH SPEED 

© MULTIFUNCTION CAPABILITY ae. a OCR 
@e TWO COMPLETELY INDEPENDENT 1-OF-4 DECODERS DECODER a DECODER b 
¢ ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS be eietias Il ee cane be 
© INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

¢ FULLY TTL AND CMOS COMPATIBLE 


12,11 10 9 


PIN NAMES LOADING (Note a) 






Ag. Ay Address Inputs 0.25 U.L. 
Enable (Active LOW) Input 0.5 ULL. 0.25 U.L. Voc = Pin 16 
Og — 93 Active LOW Outputs (Note b) 10 ULL. 5 (2.5) ULL. GND =Pin 8 
NOTES: 
a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) CONNECTION DIAGRAM 
Temperature Ranges. DIP (TOP VIEW) 


LOGIC DIAGRAM 


NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 


Vcc = Pin 16 
Dual In-Line Package. 


GND=Pin 8 
© = Pin Numbers 
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SN54LS139/SN74LS139 


FUNCTIONAL DESCRIPTION — The LS139 is a high speed dual 1-of-4 decoder/demultiplexer fabricated with the 
Schottky barrier diode process. The device has two independent decoders, each of which accept two binary weighted inputs 
(Ag, A,) and provide four mutually exclusive active LOW outputs (Oo: 03). Each decoder has an active LOW Enable (E). 
When E is HIGH all outputs are forced HIGH. The enable can be used as the data input for a 4-output demultiplexer 
application. 


Each half of the LS139 generates all four minterms of two variables. These four minterms are useful in some applications, 
replacing multiple gate functions as shown in Fig. a, and thereby reducing the number of packages required in a logic 
network. 





TRUTH TABLE E E 
<-AD- © »-=D-» 
+ 
PE to 01 






§! 





E E 
A 0. A 03 
HIGH Voltage Level ? —=D- aes —=D>- 
Ai Ai 


H = 
L = LOW Voltage Level 
X = Don’t Care Fig. a 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 Vto+7.0V 
*input Voltage (dc) —O0.5Vtot15V 
*Input Current (dc) : ~—30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 V to +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or {nput Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging information Section for packages available on this product. 





















PART NUMBERS TEMPERATURE 


SNS54LS139X 
SN74LS139X 


-55°C to +125°C 
O°C to + 75°C 
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SN54LS139/SN74LS139 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
NITS TEST CONDITIONS 
pie Pee aa | OS 
Guaranteed Input HIGH Threshold 
Veo Input Clamp Diode Voltage | -0.65 | Vec = MIN, liq = -18 mA 
| 4 | 2s | a | Voc = MIN, Ioy = 400 uA 
Vou Output HIGH Voltage 2 Vin = Viy or Vy per Truth Table 
: IN ~ ‘IH IL 
54,74 lo = 4.0 mA | Vcc = MIN, Vin = ViH oF 
VoL Output LOW Voltage 


i] 


Voc = MAX, Viy = 2.7 V 
mA Vec = MAX, VIN =10V 
A | Voc = MAX, Viy = 0.4-V 


hy Input HIGH Current 


Input LOW Current 


3 


Output Short Circuit 


A Vee = MAX, Vout = OV 
los Current (Note 4) m cc OUT 


3 


rad 


lec Power Supply Current A Vec = MAX 

NOTES: 

1. Conditions for testing, not shown in the Tabie, are chosen to guarantee operation under ‘worst case’ conditions. 

2. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these “‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

3. Typical limits are at Voc = 5.0 V, 25°C, and maximum loading. 

4. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C 














LIMITS 


SYMBOL UNITS TEST CONDITIONS 


__ we ax 
Propagation Delay, 18 Fig. 1 
Address to Output 27 9. 
Propagation Delay, 9.0 Fig. 2 
Enable to Output 17 a 


Vec = 5.0V 
CL = 15 pF 





Vout 1.3V 13V Vout 1.3V 13V 


Fig. 1 Fig. 2 
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SN54LS151/SN74LS151 
8-INPUT MULTIPLEXER 


JESCRIPTION — The TTL/MSI SN54LS151/SN74LS151 is a high speed 8-Input 
igital Multiplexer. It provides, in one package, the ability to select one bit of data LOGIC SYMBOL 

rom up to eight sources. The LS151 can be used as a universal function generator 7 4 3°2 118 14 13 12 
QO generate any logic function of four variables. Both assertion and negation out- 


iuts are provided. ln 19 14 15 Ig ty 


SCHOTTKY PROCESS FOR HIGH SPEED 
MULTIFUNCTION CAPABILITY 
ON-CHIP SELECT LOGIC DECODING 
FULLY BUFFERED COMPLEMENTARY OUTPUTS Veg = rine 
INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS SNeerin 
FULLY TTL AND CMOS COMPATIBLE 


5 


CONNECTION DIAGRAM 


DIP (TOP VIEW) 





IN NAMES LOADING (Note a) 
HIGH LOW 

o-—S2 Select Inputs 0.5 ULL. 0.25 U.L. 
: Enable (Active LOW) Input 0.5 U.L. 0.25 ULL. 
-'7 Multiplexer Inputs 0.5 ULL. 0.25 ULL. 
: Multiplexer Output (Note b) 10 ULL. 5 (2.5) U.L. 

Complementary Multiplexer Output 10 ULL. 5 (2.5) U.L. 

(Note b) 
NOTE: 
IOTES: The Flatpak version has the same 
. 1 TTL Unit Load (U.L.) = 40 vA HIGH/1.6 mA LOW. pinouts (Connection Diagram) as the 
. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) Dual In-Line Package. 
Temperature Ranges. 

LOGIC DIAGRAM 9 4 1 13 I Ig 'g 19 


© [© ]|@ J®@ | 
(eae | | 
1 a ti 


Vcc =Pin 16 
GND =Pin 8 
© =Pin Numbers 
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SN54LS151/SN74LS151 


FUNCTIONAL DESCRIPTION — The LS151 is a logical implementation of a single pole, 8-position switch with the 
switch position controlled by the state of three Select inputs, Sg, $4, Sg. Both assertion and negation outputs are 
provided. The Enable input (E) is active LOW. When it is not activated, the negation output is HIGH and the assertion 
output is LOW regardless of all other inputs. The logic function provided at the output is: 


Zz = E-(Ig*Sg*Sy ‘So +hy “S'S; “So + 19°S°Sy ‘So + 13°So°S4 ‘So + 
14°Sg°S4 "Sot I5°Sq°S4 "So + 1g°Sg°Sy *So + I7*Sg°S4 *S9). 


The LS151 provides the ability, in one package, to select from eight sources of data or control information. By proper 
manipulation of the inputs, the LS151 can provide any logic function of four variables and its negation. 


TRUTH TABLE 









e 
°o 
= 
py 
a 
fo?) 
~ 


x xX 


rrIrTrTIrTITIITIeFPererereree ex 
ZrrrrrrezrrirgrereereexXx 
ITrtrrrrmrrerxreririrsex 
x KKK KK KKK KKK KK OTT XK 
KKK KKK KKK KK KO KK XK 
x KKK KKK KK KOK KK 
mK KKK KK KD KKK KK KK 
x KKK KK OK KK KKK KK OK 
x KKK DTT KKK KK KK KK KK 
x K DT KKK KKK KKK KKK XK 
tr KK KKK KK KK KKK KK XK 
cae ee meee Oe made Sas aes 5 aadibe as pales A male a aan eee 
ITeFrTrrTIrrtrrereiéirz¢Trire 


=x 







= HIGH Voltage Level 
= LOW Voltage Level 
= Don’t Care 


xrz OP eee ee eee eer ree iT = 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature _ —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5V to +7.0 V 
*Input Voltage (dc) —0.5Vtot15V 
* Input Current (dc) ~—30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 Vto +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


aX ttnalle se a 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


PART NUMBERS TEMPERATURE 


SN54LS151X 
SN74LS151X 


—56°C to +125°C 
O°C to +75°C 
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SN54LS151/SN74LS151 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS UNITS | TEST CONDITIONS 


Guaranteed Input HIGH Threshold 
Voltage for All Inputs 


Guaranteed Input LOW Threshold 
Voltage for All Inputs 


SYMBOL PARAMETER 


Vin Input HIGH Voltage 


(o) 


= 
plee | [alee 


Vin Input LOW Voltage 


~w 
We 


Vec = MIN, iN =-18 mA 


Vec = MIN, lon = —400 HA 
VIN = Vin or ViL per Truth Table 


Vv lot = 4.0 mA | Vcc = MIN, Vin = Vin or 
Vv IoL = 8.0 mA | Vi, per Truth Table 


A Vec = MAX, Vin =10V 
Vcc = MAX, Vin =0.4V 


Vep Input Clamp Diode Voltage 


Vou Output HIGH Voltage 27 


54,74 0.25 


VoL Output LOW Voltage 


~ 


~“ 


id 
.o) 
t 


hy Input HIGH Current 


3 
> 


Input LOW Current 


Output Short Circuit 


! A Vac = MAX, V, =OV 
os Current (Note 4) cc OUT 


3 


A | Voc = MAX 


£ vu 


r 


lec Power Supply Current 


NOTES: 

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’”’ conditions. 

2. The specified LIMITS represent the ‘‘worst case’ value for the parameter. Since these “worst case” values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

3. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

4. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C 


SYMBOL 





Vin 13V 13V VIN 1.3V 1.3V 
on en pr ae 
Vout 1.3V 13V Vout 1.3V 13V 
Fig. 1 Fig. 2 
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SN54LS152/SN74LS152 
8-INPUT MULTIPLEXER 


DESCRIPTION — The TTL/MSI SN54LS152/SN74LS152 is a high speed 8-Input 
Digital Multiplexer. It provides, in one package, the ability to select one bit of data 
from up to eight sources. The LS152 can be used asa universal function generator 
to generate any logic function of four variables. It is supplied in FLATPAK only; 
for Dual In-line Package application use the LS151. 








LOGIC SYMBOL 


5 4 3 2 1 1312 11 










tg '7 










Ig 14 bs 





lo 14 I2 


So 


SCHOTTKY PROCESS FOR HIGH SPEED 

MULTIFUNCTION CAPABILITY 

ON-CHIP SELECT LOGIC DECODING 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
FULLY TTL AND CMOS COMPATIBLE 





Voc = Pin 14 
GND=Pin 7 


CONNECTION DIAGRAM 
FLATPAK (TOP VIEW) 


PIN NAMES LOADING (Note a) 






0.25 ULL. 
0.25 U.L. 
5 (2.5) U.L. 





So — S2 Select Inputs 
lo—'7 Multiplexer Inputs 0.5 ULL. 


Zz Complementary Multiplexer Output 10 ULL. 
(Note b) 





NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. 


Dot Indicates Pin 1 


LOGIC DIAGRAM ‘ ’ 


Vcc = Pin 14 
GND=Pin 7 
O- = Pin Numbers 
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SN54LS152/SN74LS152 


FUNCTIONAL DESCRIPTION - The LS151 is a logical implementation of a single pole, 8-position switch with the 
switch position controlled by the state of three Select inputs, Sg, $1, Sz. The logic function provided at the output is: 


Z = (I9*S*S4 "Sp + 1y°Sq*S4°Sq + 1g°Sq°Sy "Sz + 13°Sq°S4*S2 + 
14°So°S; *S9 + I5°So°S4 *So + Ig°So°S4 “So + I7°Sq°S4 *S9). 


The LS152 provides the ability, in one package, to select from eight sources of data or control information. 


TRUTH TABLE 


oO 
-~S 
or 
o 
~ 





TIertTrIrrrere tT TTIrTIe eee xX 
ZTErrcrirerrirwrrrirwririrer,e.;Xx 
KKK KKK KKK KKK KK OK 
xx «KKK KKK KKK KOK KX 
KKK KKK KKK KOO KKK KK 
KKK KKK KK OO KKK KK KK 
KKK KKK OT KKK KKK KK OK 
x KKK Lo KK KK MK KK OK KK OK 
x xX DT KK KKK KKK KKK KK 
cr K KK KKK KK MK KK KK KK 
PFrrrirrriorrr~rririrerigrwrieéee 


x 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


H = HIGH Voltage Level 
LOW Voltage Level 
Don’t Care 


xr 
tt tt 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias ~ —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc) —0.5Vto +15 V 
* Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 Vto +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or tnput Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 
a, a </ eaeaes E 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


















PART NUMBERS TEMPERATURE 


—55°C to +125°C 
O°C to +75°C 


SN54LS152X 
SN74LS152X 
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SN54LS152/SN74LS152 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER ms UNITS TEST CONDITIONS 
Guaranteed Input HIGH Threshold 


V, input HIGH Voltage 
iH Pp 9 Voltage for All Inputs 


0.7 Guaranteed Input LOW Threshold 


V Input LOW Voitage 
IL P 9 Voltage for All Inputs 


Vep Input Clamp Diode Voltage Vec = MIN, 11N =-18 mA 
Vec = MIN, lou = —400 vA 


VIN = ViH or VIL per Truth Table 


Vv lo. = 4.0 mA | Vcc = MIN, Vin = Vin or 
Vv lo, = 8.0 mA | Vi, per Truth Table 


fe Vec = MAX, VIN =2.7V 
m Vec = MAX, VIN =0.4V 


54 


~ 
& 
Nh 
a 


= 
ete | |elele_ |S 


Vv Output HIGH Voltage - 
OH 4 7 34 


0.25 


ne mE 


eee 
= 
NOTES: 


1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘worst case”’ conditions. 

2. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case” values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

3. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

4. Not more than one output should be shorted at a time. 


54,74 
VoL Output LOW Voltage 


aN 
> 


li Input HIGH Current 


>| > 


Input LOW Current 


Output Short Circuit 


I = = 
Os Current (Note 4) mA Vcc = MAX, Voyt = OV 


rm 


lec Power Supply Current mA Voc = MAX 


AC CHARACTERISTICS: Ta = 25°C 


LIMITS 


Na 
Propagation Delay, 12 
Select to Z Output 23 





SYMBOL 





Propagation Delay, 


Data to Z Output 





tPHL 


AC WAVEFORMS 
Vin 1.3V 1.3V 
en or 
Vout 1.3V 13V 
Fig. 1 
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SN54LS153/SN74LS153 
DUAL 4-INPUT MULTIPLEXER 


JESCRIPTION — The LSTTL/MSI SN54LS153/SN74LS153 is a very high speed 
Jual 4-Input Multiplexer with common select inputs and individual enable inputs 
or each section. It can select two bits of data from four sources. The two buffered 
yutputs present data in the true (non-inverted) form. In addition to multiplexer 
yperation, the S153 can generate any two functions of three variables. The LS153 
s fabricated with the Schottky barrier diode process for high speed and is com- 
etely compatible with all Motorola TTL families. 


LOGIC SYMBOL 


10°11 12 13 15 


» MULTIFUNCTION CAPABILITY 

' NON-INVERTING OUTPUTS 

’ SEPARATE ENABLE FOR EACH MULTIPLEXER 

’ INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
’ FULLY TTL AND CMOS COMPATIBLE 


'oa 4a '2a'3a ob ‘th 'ap 'ap Eb 





*7IN NAMES LOADING (Note a) 
HIGH LOW 
30 Common Select Input 0.5 ULL. 0.25 ULL. 
= Enable (Active LOW) Input 0.5 ULL. 0.25 ULL. 
0 |4 Multiplexer Inputs 0.5 ULL. 0.25 U.L. 
. Multiplexer Output (Note b) 10 U.L. 5 (2.5) U.L. Voc =Pin 16 
JOTES: GND=Pin 8 


1 TTL Unit Load (U.L.} = 40 uA HIGH/1.6 mA LOW. 
» The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. CONNECTION DIAGRAM 
DIP (TOP VIEW) 
LOGIC DIAGRAM 


Es loa Na "2a 3g Sy So 'Ob Np '2b lap Eb 
eQ| |© e| S| | eo @ eo a @| @| Je 
\/ Y VY \/ 
7 oY 
HEY 
ag 
ee i Ld 8 
NOTE: 
Vcc = Pin 16 The Flatpak version has the same 
pinouts (Connection Diagram) as the 
v eg i Vv Dual in-Line Package. 
z, OQ = Pin Numbers Zz 
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SN54LS153/SN74LS153 


FUNCTIONAL DESCRIPTION — The LS153 is a Dual 4-Input Multiplexer fabricated with Low Power, Schottky 
barrier diode process for high speed. It can select two bits of data from up to four sources under the contro! of the 
common Select Inputs (So, $4). The two 4-input multiplexer circuits have individual active LOW Enables (Ez, Ep) 
which can be used to strobe the outputs independently. When the Enables (E, Ep) are HIGH, the corresponding 
outputs (Z3, Zp) are forced LOW. 


The LS153 is the logic implementation of a 2-pole, 4-position switch, where the position of the switch is determined 
by the logic levels supplied to the two Select Inputs. The logic equations for the outputs are shown below. 
Za= Ea’ (Iga * $4 * Sq + Iq ° 84° Sot log * Sq * Sp + !3q + Sq * So) 
Zp = Eb * (lob * 81° So + tb * $1 * Sot lap * $1 * So + Iap * $4 * So) 


The LS153 can be used to move data from a group of registers to a common output bus. The particular register from 
which the data came would be determined by the state of the Select Inputs. A less obvious application is a function 
generator. The LS153 can generate two functions of three variables. This is useful for implementing highly irregular 
random logic. 


TRUTH TABLE 


SELECT INPUTS INPUTS (a or b) OUTPUT 



















ZTororerexrztrirr xX 
ZErrerreer xX 
prere hp e =| al 
x KKK KX XI xX 
xx «Kk KX DTK KX 
xx TOT KKK KX 
mIrxKK KKK XK XK 
fF fee fer 





x 


H = HIGH Voltage Level 
L = LOW Voltage Level! 
X = Don't Care 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc) —~0.5Vtot+15V 
*Input Current (de) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5V to +10 V 


Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 
a LL A LS 













PART NUMBERS TEMPERATURE 









SN74LS153X 4.75 V 5.25 V O°C to +75°C 





X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 
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SN54LS153/SN74LS153 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 
SYMBOL PARAMETER 
| Min | Tye | 


Vin Input HIGH Voltage 2.0 


UNITS TEST CONDITIONS 


Guaranteed !nput HIGH Threshoid 
Voltage for All Inputs 


~w | Ol 
2 
jo) 


Guaranteed Input LOW Threshold 


V Input LOW Voltage 
iL P 9 Voltage for All Inputs 


Vep Input Clamp Diode Voltage 


Vec = MIN, lin =-18MmA 


Vcc = MIN, lon = —400 LA 
VIN = Vin or ViL per Truth Table 


lol = 4.0 mA | Vcc = MIN, Vin = Vip or 
loy = 8.0 mA] Wy per Truth Table 


Vcc = MAX, VIN =2.7V 
Vec = MAX, VIN =10V 


VoH Output HIGH Voltage 


VoL Output LOW Voltage 


N 


oOo 
BIS 
~w 
Ay 


wy oO 
&/ 
NI] 
NI] oO 
WW] w 
Pil 


: 


WH Input HIGH Current 


> 


Input LOW Current 


\ Output Short Circuit 
Os Current (Note 4) 


3 


A Vcc = MAX, Vout =OV 


- 


3 


lec Power Supply Current 


NOTES: 

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘worst case’’ conditions. 

2. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case” values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

3. Typical limits are at Voc = 5.0 V, 25°C, and maximum loading. 

4. Not more than one output should be shorted at a time. 


A Voc = MAX 


AC CHARACTERISTICS: Ty = 25°C 


LIMITS 
eS ee | SE ees ee 
YE, 


pane wae 
Propagation Delay 20 
Select to Output 16 
Propagation Delay, 17 
Enable to Output 14 
10 
10 






SYMBOL 












tPHL 


tPHL 


Propagation Delay, 
Data to Output 





tPHL 


Vout 1.3V 1.3V Vout 1.3V 13V 


Fig. 1 Fig. 2 
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SN54LS155/SN74LS155 
SN54LS156/SN74LS156 


DUAL 1-OF-4 DECODER/DEMULTIPLEXER 
(LS156 HAS OPEN COLLECTOR OUTPUTS) 


DESCRIPTION — The LSTTL/MSI SN54LS155/SN74LS155 and SN54LS156/ 
SN74LS156 are high speed Dual 1-of-4 Decoder/Demultiplexers. These devices have 
two decoders with common 2-bit Address inputs and separate gated Enable inputs. 
Decoder ‘’a’’ has an Enable gate with one active HIGH and one active LOW input. 
Decoder “‘b’’ has two active LOW Enable inputs. If the Enable functions are satisfied, 
one output of each decoder will be LOW as selected by the address inputs. The 
LS156 has open collector outputs for wired-OR (DOT-AND) decoding and function 
generator applications. 


LOGIC SYMBOL 


The LS155 and LS156 are fabricated with the Schottky barrier diode process for 
high speed and are completely compatible with all Motorola TTL families. 






Ao 
DECODER a 








e SCHOTTKY PROCESS FOR HIGH SPEED Rp 
e@ MULTIFUNCTION CAPABILITY 01 2 3 
e COMMON ADDRESS INPUTS ? ? ? ? 
e TRUE OR COMPLEMENT DATA DEMULTIPLEXING eee hangs 49 
e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
e FULLY TTL AND CMOS COMPATIBLE 

Voc = Pin 16 
PIN NAMES LOADING (Note a) GND «Pin 8 

HIGH LOW 

Ao, Ay Address Inputs 0.5 ULL. 0.25 U.L. 
E,, Eb Enable (Active LOW) inputs 0.5 ULL. 0.25 ULL. 
E, Enable (Active H1GH) Input 0.5 ULL. 0.25 U.L. 
Og - 03 Active LOW Outputs (Note b) 10 ULL. 5 (2.5) ULL, CONNECTION DIAGRAM 
NOTES: DIP (TOP VIEW) 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. The HIGH level drive for the LS156 must be established by an external 
resistor. 


LOGIC DIAGRAM 





NOTE: 

The Fiatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


Vec = Pin 16 
GND =Pin 8 
© — = Pin Numbers 





SN54LS155/SN74LS155 @ SN54LS156/SN74LS156 


FUNCTIONAL DESCRIPTION — The LS155 and LS156 are Dual 1-of-4 Decoder/Demultiplexers with common 
Address inputs and separate gated Enable inputs. When enabled, each decoder section accepts the binary weighted 
Address inputs (Ag, Aj) and provides four mutually exclusive active LOW outputs (O9—O3). If the Enable require- 
ments of each decoder are not met, all outputs of that decoder are HIGH. 


"9 o 


Each decoder section has a 2-input enable gate. The enable gate for Decoder requires one active HIGH input and 
one active LOW input (EeE,). In demultiplexing applications, Decoder “’a’’ can accept either true or complemented 
data by using the Ea or Eg inputs respectively. The enable gate for Decoder “b’”’ requires two active LOW inputs 
(EpeEp). The LS155 or LS156 can be used as a 1-of-8 Decoder/Demultiplexer by tying Ez to Ep and relabeling the 
common connection as (Ag). The other Ep and Eg are connected together to form the common enable. 


The LS155 and LS156 can be used to generate all four minterms of two variables. These four minterms are useful in 
some applications replacing multiple gate functions as shown in Fig. a. The LS156 has the further advantage of being 
able to AND the minterm functions by tying outputs together. Any number of terms can be wired-AND as shown 
below. 

f=(E+AgtAy) + (E+AgtAy) + (E+ Ag t+Ay) * (E+ Ag + Ay) 

where E=E,+E,;E=E,+E, 


TRUTH TABLE 


ADDRESS || ENABLE “a” OUTPUT “a” | ENABLE “b” OUTPUT “b” 
aoe en eS ee | 





| 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 
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SN54LS155/SN74LS155 @ SN54LS156/SN74LS156 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vecc Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc) ~0.5 V to +15 V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HiGH) —0.5 V to.+10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 
pe oes ee ee 












PART NUMBERS TEMPERATURE 






SN54LS155X 


SNS5S4LS156X —55°C to +125°C 







SN74LS155X 


SN74LS156X O°C to +75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


TEST CONDITION 
SYMBOL PARAMETER [min [TYP | MAX | UNITS EST CONDITIONS 


Guaranteed Input HIGH Threshold 
Voltage for All inputs 


Guaranteed Input LOW Threshold 
Voltage for All Inputs 


Vin Input HIGH Voltage 2.0 


La 
= 
4 
n” 


Bk 
Os 
oO 
N 


Vit Input LOW Voltage 


Vep Input Clamp Diode Voltage 


Vec = MIN, lin =-18 mA 
Vec =MIN, OH = —400 HA 
Vin = Vin Or Vi per Truth Table 


M 
x 


Output HIGH Voltage 
LS155 Only 


Output HIGH Current 
LS156 Only 


< 
e) 
<x 
We 
oO 
NIN 
N]o 
w | w 
PI 


Vcc = MIN, VOH =5.5V 
Vin = Vin of Vip per Truth Table 


Vv lot = 4.0 mA | Vcc = MIN, Vin = ViH or 
Vv loy = 8.0 mA | Vi, per Truth Table 


UA Vcc = MAX, VIN =2.7V 
Vcc = MAX, VIN =10V 


roy 
= 


Output LOW Voitage 


Input HIGH Current 


> 


z1|¢ 
o 
ols 
* 
ro) 
B 
NS 
on 


Ine Input LOW Current }-0.36 | mA | Voc =MAX, Vjy=04V 
Output Short Circuit 

| =4 Vcc = MAX, =OV 

OS Current (Note 4) 5 100 | A cc Vout 

Icc Power Supply Current | | Pe 402 4 mA Vec = MAX 


NOTES: 

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under “worst case”’ conditions. 

2. The specified LIMITS represent the ‘‘worst case’ value for the parameter. Since these “‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

3. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

4. Not more than one output should be shorted at a time. 
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SN54LS1 55/SN74LS155 @ SN54LS156/SN74LS156 


AC CHARACTERISTICS: Ty = 25°C 


LIMITS 
PARAMETER LS155 LS156 UNITS 

























SYMBOL | usis6 TEST CONDITIONS 
Propagation Delay, 18 28 Fig. 1 
tpHL Address to Output 23 33 Vec = 5.0 V 
ee Delay, Ms = Fig. 2 C, = 15 pF 
g oF ED to Output R,=2kO 


aes Delay 11 27 18 28 Fig. 1 
q to Output 20 27 24 34 


AC WAVEFORMS 
VIN 13V 1.3V Vin 13V 13V 
Jem nso pr aie 
Vout 1.3V 1.3V Vout 13V 13V 
Fig. 1 Fig. 2 
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SN54LS157/SN74LS157 
QUAD 2-INPUT MULTIPLEXER 


DESCRIPTION — The LSTTL/MS1I SN54LS157/SN74LS157 is a high speed Quad LOGIC SYMBOL 
2-Input Multiplexer. Four bits of data from two sources can be selected using the 
common Select and Enable inputs. The four buffered outputs present the selected 
data in the true (non-inverted) form. The LS157 can also be used to generate any 
four of the 16 different functions of two variables. The LS157 is fabricated with 
the Schottky barrier diode process for high speed and is completely compatible 
with all Motorola TTL families. (ee ee a 


SCHOTTKY PROCESS FOR HIGH SPEED 
MULTIFUNCTION CAPABILITY F loa 'ta '0b 1b '0c He tod N14 
NON-INVERTING OUTPUTS 5 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
FULLY TTL AND CMOS COMPATIBLE 





PIN NAMES LOADING (Note a) 

Ss Common Select Input . 0.5 ULL. 

E Enable (Active LOW) Input 1.0 ULL. 0.5 ULL. 

loa — 'od Data Inputs from Source 0 0.5 U.L. 0.25 U.L. 

lya-l4q Data Inputs from Source 1 0.5 ULL. 0.25 ULL. Voc = Pin 16 
Z,—-2q Multiplexer Outputs (Note b) 10 ULL. 5 (2.5) ULL. GND=Pin 8 
NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 


CONNECTION DIAGRAM 
Temperature Ranges. DIP (TOP VIEW) 


LOGIC DIAGRAM 


loa Na 


@| @ 





NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual tn-Line Package. 


Vcc = Pin 16 
GND=Pin 8 
24 © = Pin Numbers 
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SN54LS157/SN74LS157 


FUNCTIONAL DESCRIPTION — The LS157 is a Quad 2-Input Multiplexer fabricated with the Schottky barrier 
diode process for high speed. It selects four bits of data from two sources under the control of a common Select Input 
(S). The Enable Input (E) is active LOW. When E is HIGH, all of the outputs (Z) are forced LOW regardless of all 
other inputs. 


The S157 is the logic implementation ofa 4-pole, 2-position switch where the position of the switch is determined 
by the logic levels supplied to the Select Input. The logic equations for the outputs are shown below: 
Za=Es(tya*Stlog*S) — Zp= E+ (yy S+ lop S) 
Zo Es (ye Stloc*S) — Zy=Es(lyqs St log + §) 


A common use of the LS157 is the moving of data from two groups of registers to four common output busses. The 
particular register. from which the data comes is determined by the state of the Select Input. A less obvious use is as a 
function generator. The LS157 can generate any four of the 16 different functions of two variables with one variable 
common. This is useful for implementing highly irregular logic. 


TRUTH TABLE 


SELECT 
ENABLE INPUT INPUTS OUTPUT 





H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc) —0.5V to +15 V 
*tnput Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 V to +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Vottage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


a Maas ee 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 














PART NUMBERS TEMPERATURE 


—55°C to 125°C 
O°C to + 75°C 


SN54LS157X 
SN74LS157X 
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SN54LS157/SN74LS157 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 


SYMBOL PARAMETER UNITS 


MAX 


Input HIGH Voltage 


~ 
N 
ma) 


E 
o° BN ° 
R= oo NI 


Input LOW Voltage 


Input Clamp Diode Voltage 
54,74 


Output HIGH Voltage 


0. 


Vv 
Output LOW Voltage 7 


Input HIGH Current 
loy 4 
E,S 
Input HIGH Current at MAX 
Input Voltage 
loy 4 
E,S 
Input LOW Current 
lo. ty 
Ss 
Output Short Circuit 
Current (Note 4) 


:~ 
> 


3 
> 


3 
> 


uy 
a 


mA 


Power Supply Current 


mA 
NOTES: 


TEST CONDITIONS 


Guaranteed Input HIGH Voitage 
for All Inputs 


Guaranteed Input LOW Voltage 
for All Inputs 


Voc = MIN, I = —-18 mA 


Vec= MIN, low = —400 vA 
Vin = Vin OF Viz per Truth Table 


lot = 4.0 mA | Vcc = MIN, Vin = Vin or 
lo = 8-0 mA | Vi, per Truth Table 


Vec = MAX, VIN =2.7V 


Vec = MAX, VIN =10V 


Vcc = MAX, Vout =OV 


Vec = MAX 


Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions. 
. The specified LIMITS represent the “worst case’ value for the parameter. Since these ‘worst case” values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 


operating ranges. 
Typical limits are at Voc = 5.0 V, 25°C, and maximum loading. 
Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C 


LIMITS 
Ye 


SYMBOL 





SN54LS158/SN74LS158 
QUAD 2-INPUT MULTIPLEXER 


DESCRIPTION — The LSTTL/MS! SN54LS158/SN74LS158 is a high speed Quad LOGIC SYMBOL 
2-Input Multiplexer. It selects four bits of data from two sources using the common 
Select and Enable inputs. The four buffered outputs present the selected data in the 
inverted form. The S158 can also generate any four of the 16 different functions 
of two variables. The LS158 is fabricated with the Schottky barrier diode process 
for high speed and is completely compatible with all Motorola TTL families. 


1413-11-10 
SCHOTTKY PROCESS FOR HIGH SPEED 

MULTIFUNCTION CAPABILITY loa ta '0b Mb lOc Ite tod Ita 
INVERTED OUTPUTS 


INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
FULLY TTL AND CMOS COMPATIBLE 





PIN NAMES LOADING (Note a) 
HIGH LOW 
S Common Select Input 1.0 ULL. 0.5 ULL. 
E Enable (Active LOW) Input 1.0 ULL. 0.5 ULL. 
loa —!od Data Inputs from Source 0 0.5 ULL. 0.25 U.L. 
Ma- Na Data t{nputs from Source 1 0.5 ULL. 0.25 U.L. 
24-2 Inverted Outputs (Note b) 10 ULL. 5 (2.5) ULL. Vec = Pin 16 
GND =Pin 8 
NOTES: 
a. 1TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) CONNECTION DIAGRAM 


Temperature Ranges. 


DIP (TOP VIEW) 


LOGIC DIAGRAM 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


Vec = Pin 16 
GND=Pin 8 
O = Pin Numbers 
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SN54LS158/SN74LS158 


FUNCTIONAL DESCRIPTION — The S158 is a Quad 2-Input Multiplexer fabricated with the Schottky barrier 
diode process for high speed. It selects four bits of data from two sources under the control of a common Select Input 
(S) and presents the data in inverted form at the four outputs. The Enable Input (E) is active LOW. When E is HIGH, 
all of the outputs (Z) are forced HIGH regardless of all other inputs. 


The LS158 is the logic implementation of a 4-pole, 2-position switch where the position of the switch is determined 
by the logic levels supplied to the Select Input. 


A common use of the LS158 is the moving of data from two groups of registers to four common output busses. The 
particular register from which the data comes is determined by the state of the Select Input. A less obvious use is as a 
function generator. The LS158 can generate four functions of two variables with one variable common. This is useful 
for implementing gating functions. 


TRUTH TABLE 


SELECT 
ENABLE INPUT INPUTS OUTPUT 


HIGH Voltage Level 
LOW Voltage Level 
Don’t Care 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias ~—55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 V to +7.0V 
*input Voltage (dc) —0.5 V to +15 V 
* Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 Vto +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Ejther Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 
SUPPLY VOLTAGE (Ve-) 
eeusees si 
pT MIN- eSATA 
SN74LS158X 4.75 V 5.25 V 0°C to + 75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging tnformation Section for packages available on this product. 
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SN54LS158/SN74LS158 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
SYMBOL PARAMETER 
Vin Input HIGH Voltage 2.0 


Input LOW Voltage ees 


UNITS TEST CONDITIONS 


Guaranteed Input HIGH Voltage 
for All Inputs 


Guaranteed Input LOW Voltage 
for All Inputs 





Input Clamp Diode Voltage 


Output HIGH Voltage 
54,74 
Output LOW Voltage 74 | 
74 


Input HIGH Current 
lo. 14 
E,S 


Voc = MIN, lin =-18mMmA 
Vec = MIN, Igy = ~400 uA 
Vin = Vin oF Viz per Truth Table 


Vv lol = 4.0 mA] Vcc = MIN, Vin = Vix or 


Vv lo_ = 8.0 MA] Vi per Truth Table 


Vec = MAX, Vin =2.7V 


2.5 
2.7 


0.4 


> 


Input HIGH Current at MAX 
Input Voltage 


lo. Iy 
E,S 
Input LOW Current 


lp. , 
E,S 


3 
> 


oo ° = 
~ > PNM 7 : 
No ome) NI x 





3 








Output Short Circuit 
Current (Note 4) 


Power Supply Current 
NOTES: 


Conditions for testing, not shown in the Table, are chosen to guarantee operation under “worst case’’ conditions. 
The specified LIMITS represent the “worst case’ value for the parameter. Since these ‘worst case’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

. Typical limits are at Voc = 5.0 V, 25°C, and maximum loading. 
Not more than one output should be shorted at a time. 


| 
_ 
a 


Vec = MAX, Vout =OV 


3 


~ 
t 


3 
> 


A Vec = MAX 


AC CHARACTERISTICS: Ta, = 25°C 


SYMBOL PARAMETER 
Propagation Delay 
Select to Output 
Propagation Delay, 
Enable to Output 
Propagation Delay, 
Data to Output 








AC WAVEFORMS 
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SN54LS160/SN74LS160 SN54LS161/SN74LS1€ 
SN54LS162/SN74LS162 SN54LS163/SN74LS1¢ 


BCD DECADE COUNTERS 4-BIT BINARY COUNTERS 


DESCRIPTION — The LS160/161/162/163 are high-speed 4-bit synchronous 
counters. They are edge-triggered, synchronously presettable, and cascadable MSI 
building blocks for counting, memory addressing, frequency division and other 
applications. The LS160 and LS162 count modulo 10 (BCD). The LS161 and 
LS163 count modulo 16 (binary.) 


The LS160 and LS161 have an asynchronous Master Reset (Clear) input that over- 
rides, and is independent of, the clock and all other control inputs. The LS162 and 
LS163 have a Synchronous Reset (Clear) input that overrides all other control 
inputs, but is active only during the rising clock edge. 





BCD (Modulo 10) 


LS160 
LS162 







Binary (Modulo 16) 










Asynchronous Reset 
Synchronous Reset 





® SYNCHRONOUS COUNTING AND LOADING 

@ TWO COUNT ENABLE INPUTS FOR HIGH SPEED SYNCHRONOUS EXPANSION 

@ TERMINAL COUNT FULLY DECODED 

@ EDGE-TRIGGERED OPERATION 

® TYPICAL COUNT RATE OF 35 MHz 

@ FULLY TTL AND CMOS COMPATIBLE 

PIN NAMES LOADING (Note a) 

HIGH LOW 

PE Parallel Enable (Active LOW) Input 0.6 ULL. 0.3 ULL. 
Pg-P3 Parallel Inputs 0.5 ULL. 0.25 ULL. 
CEP Count Enable Parallel Input 0.6 ULL. 0.3 ULL. 
CET Count.Enable Trickle Input 1.0 ULL. 0.5 ULL. 
CP Clock (Active HIGH Going Edge) Input 0.6 ULL. 0.3 ULL. 
MR Master Reset (Active LOW) Input 0.5 ULL. 0.25 ULL. 
SR Synchronous Reset (Active LOW) Input 0.5 ULL. 0.25 ULL. 
Q9-03 Parallel Outputs (Note b) 10 ULL. 5 (2.5) ULL. 
TC Terminal Count Output (Note b) 10 ULL. 5 (2.5) ULL. 

NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commerical (74) 
Temperature Ranges. 


STATE DIAGRAM 


LS160 e LS162 LS161 e LS163 LOGIC EQUATIONS 
Count Enable = CEP @CET @PE 
TC for LS160& LS162 = CET ®Q9 00,005,003 
TC for LS161& LS163 = CET @®Q900,00,003 
Preset = PE @ CP+ (rising clock edge) 
Reset = MR (LS160 &LS161) 


Reset = SR @ CP+ (rising clock edge) 
(LS162 & LS163) 


The £8160 and LS162 can be preset to any state, but will not count beyond 9. If preset 
to state 10, 11, 12, 13, 14, or 15, it will return to its normal sequence within two clock pulses. 
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LOGIC SYMBOL 


PE Pp Py Po Py 
EP 
CET 


ce 
*R % 1 Q2 3 


1 14 13°12 «141 


Vec = Pin 16 
GND=Pin 8 


*MR for LS160 and LS161 
*SR for LtS162and LS163 


CONNECTION DIAGRAMS 
DIP (TOP VIEW) 


*MR for LS160 and LS161 
*SR for LS162 and LS163 


NOTE: 

The Fiatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


LS160 @ LS161 © LS162 @ LS163 


FUNCTIONAL DESCRIPTION — The LS160/161/162/163 are 4-bit synchronous: counters with a synchronous 
Parallel Enable (Load) feature. These counters consist of four edge-triggered D flip-flops with the appropriate data 
routing networks feeding the D inputs. All changes of the O outputs (except due to the asynchronous Master Reset in 
the LS160 and LS161) occur as a result of, and synchronous with, the LOW to HIGH transition of the Clock input 
(CP). As long as the set-up time requirements are met, there are no special timing or activity constraints on any of the 
mode control or data inputs. 


Three control inputs — Parallel Enable (PE), Count Enable Parallel (CEP) and Count Enable Trickle (CET) — select 
the mode of operation as shown in the tables below. The Count Mode is enabled when the CEP, CET, and PE inputs 
are HIGH. When the PE is LOW, the counters will synchronously load the data from the parallel inputs into the 
flip-flops on the LOW to HIGH transition of the clock. Either the CEP or CET can be used to inhibit the count 
sequence. With the PE held HIGH, a LOW on either the CEP or CET inputs at least one set-up time prior to the LOW 
to HIGH clock transition will cause the existing output states to be retained. The AND feature of the two Count 
Enable inputs (CETeCEP) allows synchronous cascading without external gating and without delay accumulation over 
any practical number of bits or digits. 


The Terminal Count (TC) output is HIGH when the Count Enable Trickle (CET) input is HIGH while the counter is 
in its maximum count state (HLLH for the BCD counters, HHHH for the Binary counters). Note that TC is fully 
decoded and will, therefore, be HIGH only for one count state. 


The LS160 and LS162 count modulo 10 following a binary coded decimal (BCD) sequence. They generate a TC 
output when the CET input is HIGH while the counter is in state 9 (HLLH). From this state they increment to state 0 
(LLLL). If loaded with a code in excess of 9 they return to their legitimate sequence within two counts, as explained 
in the state diagram. States 10 through 15 do not generate a TC output. 


The LS161 and LS163 count modulo 16 following a binary sequence. They generate a TC when the CET input is 
HIGH while the counter is in state 15 (HHHH). From this state they increment to state 0 (LLLL). 


The Master Reset (MR) of the LS160 and LS161 is asynchronous. When the MR is LOW, it overrides ail other input 


conditions and sets the outputs LOW. The MR pin should never be left open. If not used, the MR pin should be tied 
through a resistor to Vcc, or to a gate output which is permanently set to a HIGH logic level. 


The active LOW Synchronous Reset (SR) input of the LS162 and LS163 acts as an edge-triggered control input, 
overriding CET, CEP, and PE, and resetting the four counter flip-flops on the LOW to HIGH transition of the clock. 
This simplifies the design from race-free logic controlled reset circuits, e.g., to reset the counter synchronously after 
reaching a predetermined value. 


MODE SELECT TABLE 


CEP Action on the Rising Clock Edge (_I”) 


RESET (Clear) 
LOAD (P, > Q,) 
COUNT (Increment) 
NO CHANGE (Hold) 
NO CHANGE (Hold) 


*For the LS162 and LS163 only. 
H = HIGH Voltage Level 
L = LOW Voltage Level! 
X = Don’t Care 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5V to+7.0V 
*Input Voltage (dc) —0.5V to+15V 
*\Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5V to+10V 
Output Current (dc) (Output LOW) +50 mA 


*Enter Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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LS160 © LS161 © LS162 © LS163 


GUARANTEED OPERATING RANGES 
SUPPLY VOLTAGE (Vcc) 


eee ee ee 


45 V 5.0V 55 V —55°C to +125°C 


PART NUMBERS TEMPERATURE 


SN54LS160X SN54LS161X 
SN54LS162X SN54LS163X 


SN74LS160X SN74LS161X 
SN74L8162X SN74L8163X 4.75 V 5.0 V 5.25 V O°C to 75°C 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
SYMBOL PARAMETER MAX 


Input HIGH Voltage 2.0 


UNITS TEST CONDITIONS 


Guaranteed Input HIGH Voltage 
for All inputs 


~N 


Guaranteed Input LOW Voltage 


t | 
Input LOW Voltage for All Inputs 


74 


Input Clamp Diode Voltage 


Output HIGH Voltage ; 


74 
54,74 

Output LOW Voltage <= 
74 


Vec = MIN, IN =~-18 mA 
Vec = MIN, OH = -—400 uA 
Vin = Vin or Vip per Truth Table 


lo = 4.0 mA] Vcc = MIN, Vin = Vin or 
lot = 8.0 mA | Vi, per Truth Table 


Nl Nw 
nN] ou 


0.2 


a 


Vv 
Vv 
Input HIGH Current __ 
Pg — Pz, MR, SR 
PE, CEP, CP 
CET 


Po — P3, MR, SR, PE, CEP CP 
CET 


Input LOW Current 
Po ~ P3, MR, SR 
PE, CEP, CP 


CET 
Output Short Circuit 
Current (Note 4) 
Power Supply Current 


Vec = MAX, Vin = 2.7V 


3 
> 


Vec = MAX, VIN =10V 


9° NN ° 
yp=2l8RS 


3 


Vec = MAX, VIN =0.4V 





Vec = MAX, VoUuT =OV 


w 
-_ 


Vec = MAX 


WwW 
No 


el || | aeblel || 


3 
> 


NOTES: 

1. Conditions for testing, not shown in the table, are chosen to guarantee operation under ‘‘worst case” conditions. 

2. Thespecified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’ values normally occur at the temperature 
and supply voltage extremes, additional! noise immunity and guard banding can be achieved by decreasing the allowable system operating 
ranges. 

. Typical limits are at Vcc = 5.0 V, 25°C, and maximum loading. 
. Notmore than one output should be shorted at a time. 
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LS160 @ LS161 @ LS162 @ LS163 


AC CHARACTERISTICS: T, = 25°C (These parameters apply to all four devices unless otherwise noted) 


SYMBOL PARAMETER 

Turn Off Delay CP to Q 
Turn On Delay CP to 0 
Turn Off Delay CP to TC 
Turn On Delay CP to TC 
Turn Off Delay CET to TC 
Turn On Delay CET to TC 
Turn On Delay MR to Q 
(LS160 and LS161 Only} 


Input Count Frequency 


SYMBOL PARAMETER 





Recovery Time for MR 
(LS160 and LS161 Only) 


Master Reset Pulse Width 
(LS160 and LS161 Only) 

tyyCP(H) Clock Pulse Width (HIGH) 

tyyCP(L) Clock Pulse Width (LOW) 
Set-Up Time (HIGH), Data to Clock 
Set-Up Time (LOW), Data to Clock 
Hold Time (HIGH), Data to Clock 
Hold Time (LOW), Data to Clock 
Set-Up Time (HIGH), PE or SR to Clock 
Set-Up Time (LOW), PE or SR to Clock 
Hold Time (HIGH), PE or SR to Clock 
Hold Time (LOW), PE OR SR to Clock 


Set-Up Time (HIGH), CE to Clock 
Set-Up Time (LOW), CE to Clock 


Hold Time (HIGH), CE to Clock 
Hold Time (LOW), CE to Clock 


DEFINITION OF TERMS: 
SET-UP TIME (ts) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 


20 
20 
3.0 
3.0 
20 
20 


HOLD TIME (th) — is defined as the minimum time following the clock transition from LOW to HIGH that the fogic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 


RECOVERY TIME (trec) — is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW to HIGH in order to recognize and transfer HIGH Data to the O outputs. 


AC WAVEFORMS 


CLOCK TO OUTPUT DELAYS, MASTER RESET TO OUTPUT DELAY, MASTER RESET 
COUNT FREQUENCY, AND CLOCK PULSE WIDTH. PULSE WIDTH, AND MASTER RESET RECOVERY TIME. 








Other Conditions: Other Conditions: 
PE = MR (SR) = PE=L 
CEP = CET =H Po = Py =P2=P3=H 
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LS160 @ LS161 @ LS162 @ LS163 
AC WAVEFORMS (Cont'd) 


COUNT ENABLE TRICKLE INPUT 
TO TERMINAL COUNT OUTPUT DELAYS 


The positive TC pulse occurs when the outputs are in the (Qo e Qye 
Qz @ Q3) state for the LS160 and LS162 and the (Qg © OQ; ¢Q7¢Q3) 
state for the LS161 and LS163. 


Other Conditions: CP = PE = CEP = MR =H 


CLOCK TO TERMINAL COUNT DELAYS. 


The positive TC pulse is coincident with the output state (Qg ¢ Q] 
Qz @ Q3) for the LS161 and LS163 and {Og @ Qq @ Qo @ O3) for the 
LS161 and LS163. 


. Other Conditions: PE = CEP = CET = MR=H 
Fig. 4 


SET-UP TIME (t;) AND HOLD TIME (ty) 
FOR PARALLEL DATA INPUTS. 


13V 


The shaded areas indicate when the input is permitted to change for 
predictable output performance. 


Fig. 5 


SET-UP TIME (t,) AND HOLD TIME (tp) 
FOR COUNT ENABLE (CEP) AND (CET) 
AND PARALLEL ENABLE (PE) INPUTS. 


The shaded areas indicate when the input is permitted to change for 
predictable output performance. 


PARALLEL LOAD “ COUNT MODE 
{See Fig. 5) {See Fig. 7) 


RESET COUNT OR LOAD 


cusses Other Conditions: PE = H, MR =H 


Fig. 6 Fig. 7 
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SN54LS164/SN74LS164 
SERIAL-IN PARALLEL-OUT SHIFT REGISTER 


DESCRIPTION — The SN54LS164/SN74LS164 is a high speed 8-Bit Serial-In 
Parallel-Out Shift Register. Serial data is entered through a 2-!nput AND gate 
synchronous with the LOW to HIGH transition of the clock. The device features an 
asynchronous Master Reset which clears the register setting all outputs LOW 
independent of the clock. It utilizes the Schottky diode clamped process to achieve 
high speeds and is fully compatible with all Motorola TTL products. 


TYPICAL SHIFT FREQUENCY OF 35 MHz 
ASYNCHRONOUS MASTER RESET 

GATED SERIAL DATA INPUT 

FULLY SYNCHRONOUS DATA TRANSFERS 
INPUT CLAMP DIODES LIMIT HIGH SPEED TERMI 
FULLY TTL AND CMOS COMPATIBLE 








« 





PIN NAMES LOADING (Note a) 





A,B Data Inputs 0.25 U.L. 

CP Clock (Active HIGH Going 0.5 ULL. 0.25 U.L. 
Edge) Input 

MR Master Reset (Active LOW) Input 0.5 ULL. 0.25 U.L. 

Qo — O7 Outputs (Note b) 10 ULL. 5(2.5) ULL. 


NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. 


LOGIC DIAGRAM 


Vcc = Pin 14 
GND=Pin 7 
O  =Pin Numbers 
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LOGIC SYMBOL 


LS164 
8-BIT SHIFT REGISTER 


cP 
MR_Qp Q; Q7 03 Q4 05 Og 2 


% 485 6 10 11 12 13. 


Vec = Pin 14 
GND =Pin 7 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


NOTE: 

The Flatpak version has the same 
Pinouts (Connection Diagram) as the 
Dual In-Line Package. 





SN54LS164/SN74LS164 


FUNCTIONAL DESCRIPTION — The LS164 is an edge-triggered 8-bit shift register with serial data entry and an output 
from each of the eight stages. Data is entered serially through one of two inputs (A or B); either of these inputs can be used as 
an active HIGH Enable for data entry through the other input. An unused input must be tied HIGH, or both inputs 
connected together. 


Each LOW-to-HIGH transition on the Clock (CP) input shifts data one place to the right and enters into Qo the logical AND 
of the two data inputs (A-B) that existed before the rising clock edge. A LOW level on the Master Reset (MR) input overrides 
all other inputs and clears the register asynchronously, forcing all Q outputs LOW. 


MODE a TRUTH TABLE 


OPERATING a= a 
MODE 


Reset (Clear) 


H 

H 
Shift 

H 

H 


L (1) = LOW Voltage Levels 

H (h) = HIGH Voltage Levels 

X = Don’t Care 

Gn = Lower case letters indicate the state of the referenced input or 
output one set-up time prior to the LOW to HIGH clock 
transition. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 Vtot+7.0V 
*{nput Voltage (dc) —0.5 Vto +15 V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 V to +10 V 
Output Current (dc} (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


PPL LT, Vv 
PART NUMBERS cgeillhd bie — Wee) TEMPERATURE 


SN74LS164X 4.75 V 5.25 V 0°C to +75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 
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SN54LS164/SN74LS164 















DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL PARAMETER UNITS TEST CONDITIONS 


Guaranteed Input HIGH Voltage 


V I t HIGH Vol 
1H nput HIGH Voltage for All inputs 


Cc 

= 

FE 
z 
% 


< 

i?) 

oO 
NIN 
Nf o 


Guaranteed Input LOW Voltage 


Vv Input LOW Volt 
IL npu oltage for All Inputs 


~ 
F 


Input Clamp Diode Voltage Voc = MIN, liq = -18 mA 
Vec = MIN, lon = —400 HA 


Vin = Vin or Vip per Truth Table 


Vv lo = 4.0 MA] Voc = MIN, Vin = Vip or 
Vv lot = 8.0 mA} Vi, per Truth Table 


A Voc = MAX, Viy = 2.7 V 
Vec = MAX, VIN =10V 
A Vec = MAX, VIN =0.4V 


VoH Output HIGH Voltage 


54,7 
VoL Output LOW Voltage he 


~ 


~ 


NO 
° 
~ 


NH Input HIGH Current 


> 


m. 


Ne Input LOW Current 


| Output Short Circuit 
Os Current (Note 4) 


3 


3 
b 


i Power Supply Current 
cc (Note 5) 


3 


A Vec = MAX 


B 

Nu 

a 
| 
9S ° 
re N 


i 
~N 


NOTES: 

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case”’ conditions. 

2. The specified LIMITS represent the ‘worst case’ value for the parameter. Since these ‘worst case” values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

Typical limits are at Voc = 5.0 V, Ta = 25°C. 

Not more than one output should be shorted at atime. . 

loc is measured with outputs open, serial inputs grounded, the clock input at 2.4 V, and a momentary ground, then 4.5 V applied to clear. 


ow 


AC CHARACTERISTICS: T, = 25°C 











LIMITS 





SYMBOL PARAMETER 








Propagation Delay, Positive- 


tepHL Going Clock to Outputs 


'PHL 








Propagation Delay, Negative- 
Going MR to Outputs 


PARAMETER [Min 
Set-Up Time, A or B Input to 
Positive-Going CP 
Hold Time, A or B Input to 
Positive-Going CP 
CP Pulse Width (HIGH) 


CP Pulse Width (LOW) 
MR Pulse Width (LOW) 


Recovery Time, Positive-Going 20 
MR to Positive-Going CP 














tye P(H) 
tywCc P(L) 
ty/MR\ L) 









SN54LS164/SN74LS164 


AC WAVEFORMS 


The shaded areas indicate when the input is permitted to change for predictable output performance. 


MASTER RESET PULSE WIDTH, 
CLOCK TO OUTPUT DELAYS MASTER RESET TO OUTPUT DELAY AND 
AND CLOCK PULSE WIDTH MASTER RESET TO CLOCK RECOVERY TIME 


1 MR 
ee pax | — a a’ 
_ Ff fe 
cp ie nef 
PHL, ee 
7 1 “| cP 
\ 13V f 13V 


CONDITIONS: MR=H 13V 


Fig. 1 Fig. 2 


DATA SET-UP AND HOLD TIMES 





ee 
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SN54LS170/SN74LS170 
4x4 REGISTER FILE (O/C) 


DESCRIPTION — The TTL/MSI SN54LS170/SN74LS170 is a high-speed, low- 
power 4 x 4 Register File organized as four words by four bits. Separate read and 
write inputs, both address and enable, allow simultaneous read and write operation. 


LOGIC SYMBOL 


Open collector outputs make it possible to connect up to 128 outputs in a wired- 
AND configuration to increase the word capacity up to 512 words. Any number of 
these devices can be operated in parallel to generate an n-bit length. 

The SN54LS670/SN74LS670 provides a similar function to this device but it i ee 
features 3-state outputs. 





Q; OQ O3 4 
e SIMULTANEOUS READ/WRITE OPERATION 
e EXPANDABLE TO 512 WORDS OF n-BITS 
e TYPICAL ACCESS TIME OF 20 ns 
@ LOW LEAKAGE OPEN-COLLECTOR OUTPUTS FOR EXPANSION 
e TYPICAL POWER DISSIPATION OF 125 mW 
PIN NAMES LOADING (Note a) 
Vcc = Pin 16 
D1-D4 Data Inputs 0.5 ULL. 0.25 ULL. GND = Pin 
Wa, WB Write Address Inputs 0.5 ULL. 0.25 U.L. 
Ew Write Enable (Active LOW) Input 1.0 ULL. 0.5 ULL. 
Ra, Rp Read Address Inputs 0.5 ULL. 0.25 ULL. CONNECTION DIAGRAM 
Ep Read Enable (Active LOW) Input 1.0 ULL. 0.5 ULL. DIP (TOP VIEW) 
Q4-Q4 Outputs (Note b) Open Collector 5(2.5) U.L. 
NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 vA HIGH/1.6 mA LOW 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5.0 U.L. for Commercial: (74) 
Temperature Ranges. The Output HIGH drive must be supplied by an external resistor to Vcc. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vec Pin Potential to Ground Pin —0.5 V to+7.0 V 
*Input Voltage (dc) —0.5Vto+t15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5V to+10V NOTE: 
Output Current (dc) (Output LOW) +50 mA The Flatpak version has the same 
pinouts (Connection Diagram) as the 
*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. Dual In-Line Package. 
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SN54LS170/SN74LS170 


WRITE FUNCTION TABLE (SEE NOTES A, B, AND C) READ FUNCTION TABLE (SEE NOTES A AND D) 


READ INPUTS OUTPUTS 
Rg Ra ER a1 a2 Q3 a4 


. H = high level, L = low level, X = irrelevant. 

. (Q = O) = The four selected internal flip-flop outputs will assume the states applied to the four external data inputs. 
. Qo = the tevel of Q before the indicated input conditions were established. 

. WOB1 = The first bit of word 0, etc. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 


PART NUMBERS TEMPERATURE 


3 


SN54LS170X : 5.0V ~55°C to +125°C 
SN74LS170X . 5.0 V O°C to +75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 


SYMBOL PARAMETER 


Input HIGH Voltage 2.0 
Input LOW Voltage oy 
(74) 


Input Clamp Diode Voltage 


Output HIGH Current 


Output LOW Voltage 


UNITS TEST CONDITIONS 


Guaranteed Input HIGH Voltage 
for All Inputs 


Guaranteed input LOW Voltage 
for All Inputs 


Vec = MIN, hin =-18 mA 


Vou = 5.5 V, Vec = MIN 
VIN = Vin or VIL per Truth Table 


Vv loL = 4.0 mA | Vcc = MIN, Vin = Vip or 
Vv OL= 8.0 mA | Vy, per Truth Table 


Vec = MAX, VIN =2.7V 


= 
= 
2° ° 


0.25 


PE 


Input HIGH Current 
Any D, R, or W 
Ep or Ew 


Any D, R, or W 
ER or Ew 


Input LOW Current 
Any D,R or W 
Ep or Ew 


Power Supply Current 
(Note 4) 
NOTES: 


Conditions for testing, not shown in the table, are chosen to guarantee operation under ‘worst case’’ conditions. 

. The specified LIMITS represent the ‘‘worst case” value for the parameter. Since these ‘‘worst case’’ values normally occur at the tempera- 
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

. Typical limits are at Voc = 5.0 V, Ta = 25°C, and maximum loading. 

Icc is measured under the following worst-case conditions: 4.5 V is applied to all data inputs and both enable inputs, all address inputs are 
grounded, and al! outputs are open. 


.~ 
> 


3 
> 


3 
> 


Vec = MAX, VIN =0.4V 





a 
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SN54LS170/SN74LS170 


AC CHARACTERISTICS: Ta, = 25°C 


SYMBOL PARAMETER 


Propagation Delay, Negative- 
Going Ep to Q Outputs 


Propagation Delay, Ra or Rg 
to Q Outputs 


Propagation Delay, Negative- 
Going Ey, to Q Outputs 


Propagation Delay, Data Inputs 
to Q Outputs 


TEST CONDITIONS 


Set-Up Time, Data Inputs with 
Respect to Positive-Going Ey 


Hold Time, Data Inputs with 
Respect to Positive-Going Eyy 


Set-Up Time, Write Select Inputs 
Wa and Wg with Respect to Negative- 
Going Ew 


Hold Time, Write Select Inputs 
Wa and Wg with Respect to Positive- 
Going Ew 


NOTES: 

. The Data to Enable Set-up Time is defined as the time required for the logic level to be present at the Data input prior to the enable 
transition from LOW to HIGH in order for the latch to recognize and store the new data. 
The Hold Time (tp) is defined as the minimum time following the enable transition from LOW to HIGH that the logic level must be 
maintained at the input in order to ensure continued recognition. 
The Address to Enable Set-up Time is the time before the HIGH to LOW Enable transition that the Address must be stable so that the 
correct latch is addressed and the other latches are not affected. 
The shaded areas indicate when the inputs are permitted to change for predictable output performance. 


AC WAVEFORMS 


Ra, Rp 
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SN54LS174/SN74LS174 
HEX D FLIP-FLOP 


DESCRIPTION — The LSTTL/MSI SN54LS174/SN74LS1 74 is a high speed Hex D LOGIC SYMBOL 
Flip-Flop. The device is used primarily as a 6-bit edge-triggered storage register. The 
information on the D inputs is transferred to storage during the LOW to HIGH 
clock transition. The device has a Master Reset to simultaneously clear all flip-flops. 
The LS174 is fabricated with the Schottky barrier diode process for high speed and 
is completely compatible with all Motorola TTL families. 





e EDGE-TRIGGERED D-TYPE INPUTS 

e BUFFERED-POSITIVE EDGE-TRIGGERED CLOCK 

e CLOCK TO OUTPUT DELAYS OF 14 ns 

e ASYNCHRONOUS COMMON RESET 

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERNATION EFFECTS 

e FULLY TTL AND CMOS COMPATIBLE Qy Q; Q2 3 Q4 Os 

§ 7 10 12 15 

PIN NAMES LOADING (Note a) 

Do — Ds Data Inputs F 0.25 U.L. 

cP Clock (Active HIGH Going Edge) Input 0.5 ULL. 0.25 U.L. 

MR Master Reset (Active LOW) Input 0.5 ULL. 0.25 U.L. 

Qo — O5 Outputs (Note b) 10 ULL. 5 (2.5) U.L. Vcc = Pin 16 
GND=Pin 8 

NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 nA HIGH/1.6 mA LOW. 


b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. CONNECTION DIAGRAM 


DIP (TOP VIEW) 
LOGIC DIAGRAM 


Vec =Pin 16 NOTE: 
GND=Pin 8 


© = Pin Numbers 


The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual !n-Line Package. 
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SN54LS174/SN74LS174 


FUNCTIONAL DESCRIPTION — The LS174 consists of six edge-triggered D flip-flops with individual D inputs and 
O outputs. The Clock (CP) and Master Reset (MR) are common to all flip-flops. 


Each D input’s state is transferred to the corresponding flip-flop’s output following the LOW to HIGH Clock (CP) 
transition. 


A LOW input to the Master Reset (MR) will force all outputs LOW independent of Clock or Data inputs, The LS174 
is useful for applications where the true output only is required and the Clock and Master Reset are common to all 
storage elements. 


TRUTH TABLE 


Note 1: t=n +1 indicates conditions after next clock. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 Vto+7.0 V 
*Input Voltage (dc) —0.5 Vtot15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5Vto+10V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


PART NUMBERS dailies eee Vee) TEMPERATURE 


SN54LS174X : : —55°C to +125°C 
SN74LS174X : ; O°C to +75°C 














X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 








SYMBOL PARAMETER UNITS TEST CONDITIONS 





Guaranteed Input HIGH Threshold 


Vv Input HIGH Voltage 
IH p 9 Voltage for All Inputs 








Guaranteed Input LOW Threshold 
Voltage for All Inputs 





Vec = MIN, IN =-18 mA 
Vec = MIN, lox = —400 vA 
Vin = Vin oF Vip per Truth Table 











Output HIGH Voltage 
lo. = 4.0 mA | Vcc = MIN, Vin = ViH or 


54,74 
Output LOW Voltage RET 
| 74 Io_ = 8.0 mA | Vip per Truth Table 


Input HIGH Current — — 
Voc = MAX, Vin = 10 V 
Input LOW Current : Vec = MAX, Viny = 0.4 V 


Output Short Circuit 
Ver = MAX, V =OV 
Current (Note 4) CC OUT 


Power Supply Current Vec = MAX 


< 























SN54LS174/SN74LS174 


NOTES: 
Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions. 
The specified LIMITS represent the “worst case’’ value for the parameter. Since these “‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 
. Typical limits are at Vcc = 5.0 V, 25°C, and maximum loading. 
Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C 


SYMBOL PARAMETER TEST CONDITIONS 


Propagation Delay, Clock to Output 


Propagation Delay, MR to Output 





Maximum Input Clock Frequency 





TEST CONDITIONS 








Hold Time, Data to Clock (HIGH or LOW) 
Recovery Time for MR 


Minimum MR Pulse Width 


AC WAVEFORMS 


CLOCK TO OUTPUT DELAYS, MASTER RESET TO OUTPUT DELAY, 
CLOCK PULSE WIDTH, FREQUENCY, MASTER RESET PULSE WIDTH, 
SET-UP AND HOLD TIMES DATA TO CLOCK AND MASTER RESET RECOVERY TIME 





1.3V 


*The shaded areas indicate when the input is permitted to change 
for predictable output performance. 


Fig. 1 Fig. 2 


DEFINITIONS OF TERMS: 

SET-UP TIME (t,) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (tp) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic leve! may be released prior to the clock transition from LOW to HIGH and still be recognized. 

RECOVERY TIME (tree) — is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW to HIGH in order to recognize and transfer HIGH Data to the O outputs. 
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SN54LS175/SN74LS175 


QUAD D FLIP-FLOP 


DESCRIPTION — The LSTTL/MSI SN54LS175/SN74LS175 is a high speed Quad 
D Flip-Flop. The device is useful for general flip-flop requirements where clock and 
clear inputs are common. The information on the D inputs is stored during the 
LOW to HIGH clock transition. Both true.and complemented outputs of each 
flip-flop are provided. A Master Reset input resets all flip-flops, independent of the 
Clock or D inputs, when LOW. 


The LS175 is fabricated with the Schottky barrier diode process for high speed and 
is completely compatible with all Motorola TTL families. 





e EDGE-TRIGGERED D-TYPE INPUTS 

e BUFFERED-POSITIVE EDGE-TRIGGERED CLOCK 

e CLOCK TO OUTPUT DELAYS OF 14 ns 

e ASYNCHRONOUS COMMON RESET 

e TRUE AND COMPLEMENT OUTPUT 

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

e FULLY TTL AND CMOS COMPATIBLE 

PIN NAMES LOADING (Note a) 

Dp — D3 Data Inputs ‘ 0.25 U.L. 
CP Clock (Active HIGH Going Edge) Input 0.5 ULL. 0.25 U.L. 
MR Master Reset (Active LOW) Input 0.5 ULL. 0.25 ULL. 
Qo — 3 True Outputs (Note b) 10 ULL. 5(2.5) ULL. 
Oo — 93 Complemented Outputs (Note b) 10 ULL. 5(2.5) U.L. 
NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. 


LOGIC DIAGRAM 


MR CP O03 


Vcc = Pin 16 
GND = Pin 8 
© = Pin Numbers 





LOGIC SYMBOL 


D ie) D D 
cp ° 1 2 3 


2 6 7 11 10 14 18 


Vec = Pin 16 
GND=Pin 8 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 








SN54LS175/SN74LS175 


FUNCTIONAL DESCRIPTION — The LS175 consists of four edge-triggered D flip-flops with individual D inputs and 
O and Q outputs. The Clock and Master Reset are common. The four flip-flops will store the state of their individual 
D inputs on the LOW to HIGH Clock (CP) transition, causing individual Q and O outputs to follow. A LOW input on 
the Master Reset (MR) will force all Q outputs LOW and re) outputs HIGH independent of Clock or Data inputs. 


The LS175 is useful for general logic applications where a common Master Reset and Clock are acceptable. 


TRUTH TABLE 


Inputs (t =n, MR =H) Outputs (t = n+1) Note 1 


L L H 
H H L 


Note 1: t=n +1 indicates conditions after next clock. 





ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5Vto+7.0V 
* Input Voltage (dc) —0.5V to +15 V 
*tnput Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5Vto+10V 
Output Current (dc) (Output LOW) +50 mA 


*Either {nput Voitage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 






PART NUMBERS TEMPERATURE 









—§5°C to +125°C 
O°C to +75°C 


SNS54L8175X 
SN74LS175X 











X = package type; W for Fiatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 





DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER NIT: T 
: an ore oa eee 


Guaranteed Input HIGH Threshold 
Voltage for All Inputs 


Guaranteed Input LOW Threshold 
Voltage for All Inputs 


Vin Input HIGH Voltage 2.0 


e 
= 
a 


Input LOW Voltage 


< <= 
(2) rc 
x= 
N 

nN 

on 

Ww 

bh 


< 


Voc = MIN, Iyy = —18 mA 
Vec = MIN, lou = —400 UA 
Vin = Vin OF Viz per Truth Table 


Vv lol = 4.0 mA | Voc = MIN, Vin = Vip or 
Vv lo = 8.0 mA} Vi, per Truth Table 


Input Clamp Diode Voltage 


Output HIGH Voltage - 


Output LOW Voltage 


< 
a 
1] 





| Input HIGH C t | | 20 | HA Yoo = MAG Min= 274 
HL Input LOW Current | [036 | ma | Voc = MAX, Vy = 0.4 V 
| Output Short Circuit A Van = MAX, V =OV 
SC Current (Note 4) ~ Cc~ * “OUT 


SN54LS175/SN74LS175 


NOTES: : 

. Conditions for testing, not shown in the Table, are chosen to guarantee operation under “‘worst case” conditions. 

. The specified LIMITS represent the “worst case’ value for the parameter. Since these “‘worst case” values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

. Typical limits are at Voc = 5.0 V, Ta = 25°C, and maximum loading. 

Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta, = 25°C 


SYMBOL PARAMETER aa TEST CONDITIONS 
Propagation Delay, Clock to Output 


Propagation Delay, MR to Q Output P| 
Propagation Delay, MR to G Output aed 
Maximum Input Clock Frequency | 40 


TEST CONDITIONS 


PARAMETER 


an] 
irinon Goa ranean «dis | 
Sep Tne, Diet Cesk HIGH COW] 10 
os Tins Det Geek GH ortow [0 | 
Recon Tine RR | 


AC WAVEFORMS 
CLOCK TO OUTPUT DELAYS, MASTER RESET TO OUTPUT DELAY, 


CLOCK PULSE WIDTH, FREQUENCY, MASTER RESET PULSE WIDTH, 
SET-UP AND HOLD TIMES DATA TO CLOCK AND MASTER RESET RECOVERY TIME 





*The shaded areas indicate when the input is permitted to change 
for predictable output performance. 


Fig. 1 Fig. 2 


DEFINITIONS OF TERMS: 

SET-UP TIME (t,) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (t,) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 

RECOVERY TIME (tyeg) — is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW to HIGH in order to recognize and transfer HIGH Data to the OQ outputs. 
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4-BIT ARITHMETIC LOGIC UNIT 


DESCRIPTION — The SN54LS181/SN74LS181 is a 4-bit Arithmetic Logic Unit 
{ALU) which can perform all the possible 16 logic, operations on two variables and LOGIC SYMBOL 
a variety of arithmetic operations. 
» PROVIDES 16 ARITHMETIC OPERATIONS 
ADD, SUBTRACT, COMPARE, DOUBLE, PLUS 
TWELVE OTHER ARITHMETIC OPERATIONS 
» PROVIDES ALL 16 LOGIC OPERATIONS OF TWO 






VARIABLES 
EXCLUSIVE—OR, COMPARE, AND, NAND, OR, 23 22 21 20 
NOR, PLUS TEN OTHER LOGIC OPERATIONS 
» FULL LOOKAHEAD FOR HIGH SPEED ARITHMETIC Ag 8 Ay 81 Ay Bp 
OPERATION ON LONG WORDS 
» INPUT CLAMP DIODES LOADING (Note a) 
»IN NAMES 
\9—A3, Bo—B3 + Operand (Active LOW) Inputs 1.5 U.L 0.75 ULL. 
9 -S3 Function — Select Inputs 2.0 U.L. 1.0 ULL. 
A Mode Control Input 0.5 ULL. 0.25 ULL. 
on Carry Input 2.5 ULL. 1.25 ULL. 
*9-F3 Function (Active LOW) Outputs 10 U.L. | 5 (2.5) ULL. 
\=B Comparator Output Open Collector | 5 (2.5) ULL. 
3 Carry Generator (Active LOW) Output 10 ULL. 10 ULL. 
i Carry Propagate (Active LOW) Output 10 ULL. 5 ULL. 
+4 Carry Output 10 U.L. | 5 (2.5) ULL. 
JOTES: Vec = Pin 24 
. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW GND = Pin 12 


. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. 
CONNECTION DIAGRAMS 
DIP (TOP VIEW) 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-line Package. 





5-63 


SN54LS181/SN74LS181 


FUNCTIONAL DESCRIPTION — The SN54LS181/SN74LS181 is a 4-bit high speed parallel Arithmetic Logic Unit 
(ALU). Controlled by the four Function Select Inputs (Sg. . . $3) and the Mode Control Input (M), it can perform all 
the 16 possible logic operations or 16 different arithmetic operations on active HIGH or active LOW operands. The 
Function Table lists these operations. 


When the Mode Control !nput (M) is HIGH, all internal carries are inhibited and the device performs logic operations 
on the individual bits as listed. When the Mode Control Input is LOW, the carries are enabled and the device performs 
arithmetic operations on the two 4-bit words. The device incorporates full internal carry lookahead and provides for 
either ripple carry between devices using the C,+4 output, or for carry lookahead between packages using the signals 
P (Carry Propagate) and G (Carry Generate). P and G are not affected by carry in. When speed requirements are not 
stringent, the LS181 can be used in a simple ripple carry mode by connecting the Carry Output (C,+4) signal to the 
Carry Input (Cy) of the next unit. For high speed operation the LS181 is used in conjunction with the 9342 or 93S42 
carry lookahead circuit. One carry lookahead package is required for each group of four LS181 devices. Carry 
lookahead can be provided at various levels and offers high speed capability over extremely long word lengths. 


The A = B output from the LS181 goes HIGH when all four F outputs are HIGH and can be used to indicate logic 
equivalence over four bits when the unit is in the subtract mode. The A = B output is open collector and can be 
wired-AND with other A = B outputs to give a comparison for more than four bits. The A = B signal can also be used 
with the C,+4 signal to indicate A > B and A<B. 


The Function Table lists the arithmetic operations that are performed without a carry in. An incoming carry adds a 
one to each operation. Thus, select code LHHL generates A minus B minus 1 (2s complement notation) without a 
carry in and generates A minus B when a carry is applied. Because subtraction is actually performed by complemen- 
tary addition (1s complement), a carry out means borrow; thus a carry is generated when there is no underflow and 
no carry is generated when there is underflow. 


As indicated, the LS181 can be used with either active LOW inputs producing active LOW outputs or with active 
HIGH inputs producing active HIGH outputs. For either case the table lists the operations that are performed to the 
operands labeled inside the logic symbol. 





















FUNCTION TABLE LOGIC SYMBOLS 
MODE SELECT ACTIVE LOW INPUTS ACTIVE HIGH INPUTS ACTIVE LOW OPERANDS 
INPUTS & OUTPUTS & OUTPUTS Re ee 
LOGIC ARITHMETIC** LOGIC ARITHMETIC** 
S3 S2 Sq So (M=H) (M=L)(C, = L) (M=H) (M=L) (CC, =H) Ag Bo A181 Az Bz Ag B3 















Ch+4 



































































Lb etoEL A minus 1 

L LLH AB AB minus 1 8 Lsie1 aca Wd 
LeLHL A¥B ABminus 1 6 80 SO OMOUNIEE sp- 
L tL HH Logical 1 minus 1 Logical O minus 1 5 15 
LHLL A+B Aplus(A+B) AB A plus AB : 

tL HLH B AB plus (A + B) B (A + B) plus AB” 

L HHL A@®B  Aminus B minus 1 A@®B  Aminus B minus 1 

L HHH A+B A+B AB AB minus 1 9 10 n 13 
HELL AB A plus (A + B) A+B A plus AB 

H&E LH | A@B Aplus AO 8 A pluse ACTIVE HIGH OPERANDS 
HL HL B AB plus (A + B) B (A +B) ptus AB 

H L HH A+B A+B AB AB minus 1 21 23 22: 21 20 «19 18 

H HLL Logical O Aplus A* Logical 1 A plus A* 

H HLH AB AB plus A A+B (A+B) plusA Ao By AB, Az 8 Ag By 

H HHL AB AB plus A A+B (A+B) plus A 

H H H H A A A A minus 1 








LS18t 
481T ARITHMETIC 


LOGIC UNIT 


L = LOW Voltage Level 
H = HIGH Voltage Level 


“Each bit is shifted to the next more significant position 
** Arithmetic operations expressed in 2s complement notation 
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ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5Vto+7.0V 
*Input Voltage (dc) —0.5V to +15 V 
*Input Current (de) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output H!GH) —0.5V to+10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 







SUPPLY VOLTAGE (Vcc) 
TYP 


4.75 V 5.0V 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


PART NUMBERS TEMPERATURE 


> 


SN54LS181X 
SN74LS181X 


5.5 V 
5.25 V 


—55°C to +125°C 
O°C to +75°C 


= 
x< 


LIMITS 
SYMBOL PARAMETER [MIN UNITS | TEST CONDITIONS 
Guaranteed Input HIGH Voltage 
Vin Input HIGH Voltage 2.0 for JA inputs 
Guaranteed Input LOW Voltage 
5 avelaueel | 54 
IL MPU EOMy Velinge for All inputs 


Vep Input Clamp Diode Voltage 


Vea Output HIGH Voltage 54 
Any Output except A=B 74 


Vec = MIN, iN =-18mA 
Vec = MIN, lou = -—400 HA 


= 


jo) ° 
~N NSN 
< 


jo) 
ol v 


| 74 | 7 Vin = Viy of Vi, per Truth Table 
Output HIGH Current - ae 
'OH A=B Output Only HA Vcc = MIN, Voy = 9.5 V 
Output LOW Voltage 54,74 0.25 0.4 lol = 4.0 mA 
Except G and P V lo. = 8.0 mA 
Output LOW Voltage = 
VoL Output G 0.47 lot 16 mA VIL per Truth Table 


° 


NI Nin ‘ 
lee] | ff [RB 


lot =8.0mA 


Output LOW Voltage [54 
Input HIGH Current 
Mode Input 
A and B Inputs 

S Inputs 
Carry Inputs 


.~ 
> 


Vec = MAX, VIN =27V 


Mode Input 
A and B Inputs 


3 


3 3 3 
> > > 


A | Voc = MAX, Vin = 10 V 


S Inputs 
Carry Inputs 


Input LOW Current 
Mode Input 
he A and B Inputs 
S Inputs 
Carry Inputs 


Output Short Circuit 
os Current (Note 4) 
Power Supply Current 
lec Condition A (Note 5) 
ea 


Power Supply Current 
Condition B (Note 5) 


Vcc = MAX, VIN =04V 





Vec = MAX, Vout =OV 


Ww 
34 


Vec = MAX 


w 
~ 
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NOTES: 

1. Conditions for testing, not shown in the table, are chosen to guarantee operation under ‘‘worst case’ conditions. 

2. The specified LIMITS represent the “worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the tempera- 
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

Typical limits are at Voc = 5.0 V, 25°C, and maximum loading. 

Not more than one output should be shorted at a time. 

With outputs open, Icc is measured for the following conditions: 

A. SO through S3, M, and A inputs are at 4.5 V, all other inputs are grounded. 

B. SO through S3 and M are at 4.5 V, all other inputs are grounded. 


apo 


AC CHARACTERISTICS: Ta = 25°C, Vcc = 5.0 V, Pin 12 = GND 


LIMITS ; 
SYMBOL PARAMETER —TyP : 


tpLH Propagation Delay, 
tpHL (C, to Ch+4) 


‘PLH (C,, to F Outputs) 

TPHL 

t oe = 

PLH (A or B Inputs to G Output) 
tPHL 

t ue | she aN 

PLH (A or B Inputs to G Output) 
tPHL 

t =e es = 

PLH (A or B Inputs to P Output) 
tPHL 

t oes = 

PLH ‘| (Aor B Inputs to P Output) 
tPHL 


UNITS CONDITIONS 


= 
: 


nN 
~ 


M = OV, (Sum or Diff Mode) 
See Fig. 4 and Tables | and Il 


M = OV, (Sum Mode) 

See Fig. 4 and Table | 

M=S1 =S9 =OV, So =$3=45V 
(Sum Mode) See Fig..4 and Table | 

M = Sg =S3=O0V, Sy =S9=45V 
(Diff Mode) See Fig. 5 and Table II 
M=S, =S9 =OV,S9=S3=45V 
(Sum Mode) See Fig. 4 and Table | 

M = Sg = S3 = OV, S} =S2=4.5V 
(Diff Mode) See Fig. 5 and Table I! 


N 
o 


NN 
WwW © 


N w 
On 


- : iden ety Oey 
- - fe 
am - i= 48. Uni No 

LH | Ror Binputs to Cr+4 Output a inal Pens ae ehne  Saaas 
. Lat i 
'PLH (A or B Inputs to A = B Output) 50 spe $3 =OV,S;=S2 =45V, 
"PHL re (Diff Mode) See Fig. 5 and Table Il 





AC WAVEFORMS 


1.3V 1.3V 


<> *PLH ag "PHL 


1.3V 1, 


INPUT 


wy 


Vv 
OUTPUT 


Fig. 4 


# 1.3V x 1.3V 
A INPUT 
NP \ f- 
ey 1.3V 1.3V 
B INPUT 


\ 1.3V f 1.3V i |<——_»| PHL 


\<_—_—_—_—»»} t 
|<—»| 'PLH | | PHL 13V 1.3V 
OUTPUT 


Fig. 5 Fig. 6 


OUTPUT 1.3V 1.3V 
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SUM MODE TEST TABLE | FUNCTION INPUTS: Sg = S3 = 4.5 V, S] =S2=M=0V 
PARAMETER APPLY APPLY sail 
zoe Vv ae 

ih i 
tPHL A and B n Fj 
vit ; 
'PHL A and B n i 
ot i 
‘PHL i AandB i+ 
tPLH Remaining = 
TPHL Cn AandB i+] 
tPLH Remaining = 
tPLH Remaining a 
tPLH Remaining Remaining = 
on Rc, ; 
tPpLH Remaining Remaining = 
a : 
‘PLH Remaining Remaining 
tPLH Remaining Remaining 
oe Ro cna 
“CPHL Cy None None az B or Ch 44 


DIFF MODE TEST TABLE II FUNCTION INPUTS: Sj = So =4.5V,S9 =S3=M=OV 


OTHER INPUT 
| INPUT SAME GIT OTHER DATA INPUTS OUTPUT 
PA 
PANETES peg APPLY APPLY APPLY APPLY pai 
45V GND 45V GND 
tPLH ara Remaining Remaining os 
A = was , 
5 A 





tPHL ae: 
A 
PH a Fiat 
= 
ms 

A 


>! 





@ | 


tPHL 





Q | 





tP = -_ 


tPHL A and B, Cy 


A 
TPLH 7 = Remaining Remaining 
sue all A= 





tPLH = Remaining Remaining 
pee au A= 








tPLH = Remaining 
N N — —~ Cc 
TPHL sos A and B, Cn poe ‘ 
tPLH Remaining ; 
A N — — Cc 
tPHL none is A and B,C, n+4 





tPLH All 


LOGIC MODE TEST TABLE I! 











OUTPUT 











































FUNCTION INPUTS 
po Meee APPLY APPLY APPLY APPLY ee iad 
4.5V GND 45V GND 
— Remaining = S,=So=M=45V 
— — Any F 
None B None end 8. Cp ny So =S3=0V 
wz Remaining S,=S2=M=4.5V 
A and B, Cy So =S3=0V 
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PRESETTABLE BCD/DECADE 
UP/DOWN COUNTERS 


DESCRIPTION — The SN54LS190/SN74LS190 is a synchronous UP/DOWN BCD 
Decade (8421) Counter and the SN54LS191/SN74LS191 is a synchronous UP/ 
DOWN Modulo-16 Binary Counter. State changes of the counters are synchronous 
with the LOW-to-HIGH transition of the Clock Pulse input. 


An asynchronous Parallel Load (PL) input overrides counting and loads the data 
present on the Py inputs into the flip-flops, which makes it possible to use the 
circuits as programmable counters. A Count Enable (CE) input serves as the carry/ 
borrow input in multi-stage counters. An Up/Down Count Control (U/D) input 
determines whether a circuit counts up or down. A Terminal Count (TC) output 
and a Ripple Clock (RC) output provide overflow/underflow indication and make 
possible a variety of methods for generating carry/borrow signals in multi-stage 
counter applications. 






e LOW POWER... 90 mW TYPICAL DISSIPATION 

e HIGH SPEED...35 MHz TYPICAL COUNT FREQUENCY 

e SYNCHRONOUS COUNTING 

e ASYNCHRONOUS PARALLEL LOAD 

e INDIVIDUAL PRESET INPUTS 

e COUNT ENABLE AND UP/DOWN CONTROL INPUTS 

* CASCADABLE 

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

© FULLY TTL AND CMOS COMPATIBLE 

PIN NAMES LOADING (Note a) 
CE Count Enable (Active LOW) Input 0.7 ULL. 
CP Clock Pulse (Active HIGH going edge) Input 0.5 ULL. 0.25 U.L. 
U/D Up/Down Count Control Input 0.5 ULL. 0.25 ULL. 
PL Parallel Load Control (Active LOW) Input 0.5 ULL. 0.25 U.L. 
Ph Parallel Data Inputs 0.5 ULL. 0.25 ULL. 
On Flip-Flop Outputs (Note b) 10 ULL. 5 (2.5) U.L. 
RC Ripple Clock Output (Note b) 10 ULL. 5 (2.5) U.L. 
TC Terminal Count Output (Note b) 10 ULL. 5 (2.5) ULL. 
NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 vA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. 


STATE DIAGRAMS 


LS190 
UP: TC = Op » Q3- (U/D) 
DOWN: TC = Og « Q] + G2 - G3- (U/D) 


LS191 
UP: TC =Qg- Qq + Q9- O3> (U/D) 
DOWN: TC = Qg « Qq +» Qo - O3- (U/D) 


Count Up 
Count Down 





SN54LS191/ 


SN74LS191 


PRESETTABLE 4-BIT BINARY 
UP/DOWN COUNTERS 


LOGIC SYMBOL 








if 15 1 10 9 





Vcc = Pin 16 
GND= Pin 8 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 












NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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LOGIC DIAGRAMS 



































DECADE COUNTER 
LS190 























4 
: | 
oo eee acetic 






























































Nee 


CK 











| ee 
pa 
J CLOCK K 

q 
Q 


F 


‘BINARY COUNTER 
LS191 
Vec = Pin 16 
GND= Pin8 
O = Pin Numbers 
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FUNCTIONAL DESCRIPTION — The LS190 is a synchronous Up/Down BCD Decade Counter and the LS191 is a 
synchronous Up/Down 4-Bit Binary Counter. The operating modes of the LS190 decade counter and the LS191_ binary 
counter are identical, with the only difference being the count sequences as noted in the state diagrams. Each circuit contains 
four master/slave flip-flops, with internal gating and steering logic to provide individual preset, count-up and count-down 
operations. 


Each circuit has an asynchronous parallel load capability permitting the counter to be preset to any desired number. When 
the Parallel Load (PL) input is LOW, information present on the Parallel Data inputs (Pg—P3) is loaded into the counter and 
appears on the O outputs. This operation overrides the counting functions, as indicated in the Mode Select Table. 


A HIGH signal on the CE input inhibits counting. When CE is LOW, internal state changes are initiated synchronously by the 
LOW-to-HIGH transition of the clock input. The direction of counting is determined by the U/D input signal, as indicated in 
the Mode Select Table. When counting is to be enabled, the CE signal can be made LOW when the clock is in either state. 
However, when counting is to be inhibited, the LOW-to-HIGH CE transition must occur only while the clock is HIGH. 
Similarly, the U/D signal should only be changed when either CE or the clock is HIGH. 


Two types of outputs are provided as overflow/underflow indicators. The Terminal Count (TC) output is normally LOW and 
goes HIGH when a circuit reaches zero in the count-down mode or reaches maximum (9 for the £S190, 15 for the LS191) 
in the count-up mode, The TC output will then remain HIGH until a state change occurs, whether by counting or presetting 
or until U/D is changed. The TC output should not be used as a clock signal because it is subject to decoding spikes. 


The TC signal is also used internally to enable the Ripple Clock (RC) output. The RC output is normally HIGH. When CE is 
LOW and TC is HIGH, the RC output will go LOW when the clock next goes LOW and will stay LOW until the clock goes 
HIGH again. This feature simplifies the design of multi-stage counters, as indicated in Figures a and b. In Figure a, each RC 
output is used as the clock input for the next higher stage. This configuration is particularly advantageous when the clock 
source has a limited drive capability, since it drives only the first stage. To prevent counting in all stages it is only necessary to 
inhibit the first stage, since a HIGH signal on CE inhibits the RC output pulse, as indicated in the RC Truth Table. A 
disadvantage of this configuration, in some applications, is the timing skew between state changes in the first and last stages. 
This represents the cumulative delay of the clock as it ripples through the preceding stages. 


A method of causing state changes to occur simultaneously in all stages is shown in Figure b. All clock inputs are driven in 
parallel and the RC outputs propagate the carry/borrow signals in ripple fashion. !n this configuration the LOW state duration 
of the clock must be long enough to allow the negative-going edge of the carry/borrow signal to ripple through to the last 
stage before the clock goes HIGH. There is no such restriction on the HIGH state duration of the clock, since the RC output 
of any package goes HIGH shortly after its CP input goes HIGH. 


The configuration shown in Figure c avoids ripple delays and their associated restrictions. The CE input signal for a given 
stage is formed by combining the TC signals from all the preceding stages. Note that in order to inhibit counting an enable 


signal must be included in each carry gate. The simple inhibit scheme of Figures a and. b doesn’t apply, because the TC 
output of a given stage is not affected by its own CE. 


MODE SELECT TABLE RC TRUTH TABLE 


RC 
OUTPUT 


LE Count Up H T LT 
H Count Down X ‘ H 
xX Preset (Asyn.) L H 
as No .Cilande (Hole) *TC is generated internally 


L = LOW Voltage Level 

H = HIGH Voltage Level 

X = Don't Care 

J = LOW-to-HIGH Clock Transition 
‘LI= LOW Pulse 
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DIRECTION 
CONTROL 


ENABLE 
CLOCK 


Fig. a) n-stage counter using ripple clock. 


DIRECTION 
CONTROL 


ENABLE 


Fig. b) Synchronous n-stage counter using ripple carry/borrow. 





DIRECTION 
CONTROL 


ENABLE 


Fig. c) Synchronous n-stage counter with parallel gated carry/borrow. 
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ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature 

Temperature (Ambient) Under Bias 

Vcc Pin Potential to Ground Pin 

*Input Voltage (dc) 

*Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 


*Ejither Input Voitage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


PART NUMBERS 
SN54LS190X 
SN54LS191X 


SN74LS190X 
SN74LS191X 


—65°C to +150°C 
—55°C to +125°C 
—0.5 V to +7.0 V 
—0.5 V to +15V 
—30 mA to +5.0 mA 
—0.5 V to +10V 
+50 mA 


TEMPERATURE 
—55°C to +125°C 


O°C to +75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMITS 


SYMBOL PARAMETER 


VIH Input HIGH Voltage 2.0 
54 

Input LOW Voitage 
74 


Input Clamp Diode Voltage 


Vou Output HIGH Voltage 
74 
Output LOW Voltage oat 
74 


Input HIGH Current 
P,, PL, CP, U/D 


ce 


P_, PL, CP, U/D 
Cc 


Input LOW Current 
P,, PL, CP, U/D 


ce 


Output Short Circuit 
Current (Note 4) 


Power Supply Current 


NER 
v 


N 
oO 


NOTES: 


= 
> 
53 


ae : 
ol 


3 
> 


UNITS TEST CONDITIONS 


Guaranteed Input HIGH Voltage 
for All Inputs 


Guaranteed Input LOW Voltage 
for All Inputs 


Vec = MIN, lin = -18 mA 
Vec = MIN, lon = ~—400 HA 
VIN = Vin or ViL per Truth Table 


Vv lol = 4.0 mA | Vcc = MIN, Vin = Vix or 
V loL = 8.0 mA | Vi, per Truth Table 


Vec = MAX, Vin = 2.7V 


> 


Vec = MAX, VIN =10V 


3 


> > 


Vec = MAX, VIN =0.4V 


3 
> 


Vec = MAX, VouT =OV 


Vec = MAX 


1. Conditions for testing, not shown in the table, are chosen to guarantee operation under “worst case” conditions. 
2. The specified LIMITS-represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’ values normally occur at the tempera- 
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 


operating ranges. 
- Typical limits are at Voc = 5.0 V, 25°C, and maximum foading. 
. Not more than one output should be shorted at a time. 


. The Set-Up Time “ts(H)’ and Hold Time “ty(L)’ between the Count Enable (CE) and the Clock (CP) indicate that the LOW-to-HIGH 
transition of the CE must occur only while the Clock is HIGH for conventional operation. 
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AC CHARACTERISTICS: T, = 25°C 







SYMBOL 










Propagation Delay, 
CP Input to O Outputs 


CP input to TC Output iw 
U/D Input to RC Output —e 
U,D Input to TC Output Vs 









Po — Pg Inputs to Qo — Q3 Outputs 
PL Input to Any Output 
CE Input to RC Output 


*It is possible to get these timing relationships, but they should not occur during normal operation since the CP would be HIGH. 


AC SET-UP REQUIREMENTS: Ty, = 25°C 


PARAMETER 


Set-Up Time HIGH, Data to PL |. 20. | 















SYMBOL 





DEFINITIONS OF TERMS: 


SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to 
the clock transition from LOW-to-HIGH in order to be recognized and transferred to the outputs. 


HOLD TIME (t,) is defined as the minimum time following the clock transition from LOW-to-HIGH that the logic level must 
be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic 
tevel may be released prior to the clock transition from LOW-to-HIGH and still be recognized. 


RECOVERY TIME (tye) is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW-to-HIGH in order to recognize and transfer HIGH data to the QO outputs. 
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AC WAVEFORMS 


cP OR CE 1.3V 





aortTc 13V 13V RC 1.3V 


Fig. 1 Fig. 2 


NOTE: PL = LOW Q, ! 1.3V 
Fig. 3 Fig. 4 


—_ - I @s 


*The shaded areas indicate when the input is permitted 
to change for predictable output performance. 


Fig. 6 


(SEE NOTE 6) 





Fig. 7 


Fig. 8 


SN54LS192/ SN54LS193/ 
SN74LS192 SN74LS193 


PRESETTABLE BCD/DECADE = PRESETTABLE 4-BIT BINARY 
UP/DOWN COUNTER UP/DOWN COUNTER 


DESCRIPTION — The SN54LS192/SN74LS192 is an UP/DOWN BCD Decade 
(8421) Counter and the SN54LS193/SN74LS193 is an UP/DOWN MODULO-16 
Binary Counter. Separate Count Up and Count Down Clocks are used and in either 
counting mode the circuits operate synchronously. The outputs change state 
synchronous with the LOW-to-HIGH transitions on the clock inputs. 


Separate Terminal Count Up and Terminal Count Down outputs are provided 
which are used as the clocks for a subsequent stages without extra logic, thus 
simplifying multistage counter designs. Individual preset inputs allow the circuits to 
be used as programmable counters. Both the Parallel Load (PL) and the Master 
Reset (MR) inputs asynchronously override the clocks. 





e LOW POWER....95 mW TYPICAL DISSIPATION 

e HIGH SPEED...40 MHz TYPICAL COUNT FREQUENCY 

e SYNCHRONOUS COUNTING 

e ASYNCHRONOUS MASTER RESET AND PARALLEL LOAD 

e INDIVIDUAL PRESET INPUTS 

e CASCADING CIRCUITRY INTERNALLY PROVIDED 

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

e FULLY TTL AND CMOS COMPATIBLE 

PIN NAMES LOADING (Note a) 
HIGH LOW 

CPy Count Up Clock Pulse Input 0.5 ULL. 0.25 U.L. 

CPpH Count Down Clock Pulse Input 0.5 ULL. 0.25 ULL. 

MR Asynchronous Master Reset (Clear) Input 0.5 ULL. 0.25 U.L. 

PL Asynchronous Parallel Load (Active LOW) Input 0.5 ULL. 0.25 ULL. 

Pr Parallel Data Inputs 0.5 ULL. 0.25 U.L. 

Q, Flip-Flop Outputs (Note b) 10 ULL. 5(2.5) ULL. 

TCp ‘Terminal Count Down (Borrow) Output (Note b) 10 ULL. 5(2.5) U.L. 

TCy — Terminal Count Up (Carry) Output (Note b) 10 ULL. 5(2.5) U.L. 

NOTES: 


a 1 TTL Unit Load (U.L.) = 40 wA HIGH/1.6 mA LOW 


b. The Output LOW drive factor is 2.5 U.L. for MILITARY (54) and 5 U.L. for COMMERCIAL (74) 
Temperature Ranges. 





STATE DIAGRAMS 
LS192 LOGIC EQUATIONS 
FOR TERMINAL COUNT 


TCy = Qo*03*CPy 


LS193 LOGIC EQUATIONS 
FOR TERMINAL COUNT 
Tey “Ogre O5 Gs Cku 


Tp = O9°0)+0,+0;-CP, 





LS192 


COUNT UP = 
COUNT DOWN ------ 
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LOGIC SYMBOL 


1115 1°10 9 


Vec = Pin 16 
GND= Pin8 


CONNECTION DIAGRAM 


DIP (TOP VIEW) 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dua! In-Line Package. 
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LOGIC DIAGRAMS 
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a @ 
(LOAD} p>— 
cPy ® : = 
(UP COUNT) y ae 
OUTPUT) 
Tp 
cp (BORROW 
D PUT) 
(DOWN @ Do OUTPU 
COUNT) 
MR 
cen —D- even lee eee a 5 G 6 
Q% a4 Q2 Q3 
LS193 
Vcc = Pin 16 
GND= Pin8 


© = Pin Number 
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FUNCTIONAL DESCRIPTION — The LS192 and LS193 are Asynchronously Presettable Decade and 4-Bit Binary 
Synchronous UP/DOWN (Reversable) Counters. The operating modes of the LS192 decade counter and the LS193 
binary counter are identical, with the only difference being the count sequences as noted in the State Diagrams. Each 
circuit contains four master/slave flip-flops, with internal gating and steering logic to provide master reset, individual 
preset, count up and count down operations. 


Each flip-flop contains JK feedback from slave to master such that a LOW-to-HIGH transition on its T input causes the 
slave, and thus the Q output to change state. Synchronous switching, as opposed to ripple counting, is achieved by driving 
the steering gates of all stages from a common Count Up line and a common Count Down line, thereby causing all state 
changes to be initiated simultaneously. A LOW-to-H1IGH transition on the Count Up input will advance the count by one; 
a similar transition on the Count Down input will decrease the count by one. While counting with one clock input, the 
other should be held HIGH. Otherwise, the circuit will either count by twos or not at all, depending on the state of the first 
flip-flop, which cannot toggle as fong as either Clock input is LOW. 


The Terminal Count Up (TCy) and Terminal Count Down (TCp) outputs are normally HIGH. When a circuit has reached 
the maximum count state (9 for the LS192, 15 for the LS193), the next HIGH-to-LOW transition of the Count Up Clock 
will cause TCyy to go LOW. TCy will stay LOW until CPiy goes HIGH again, thus effectively repeating the Count Up Clock, 
but delayed by two gate delays. Similarly, the TCp output will go LOW when the circuit is in the zero state and the Count 
Down Clock goes LOW. Since the TC outputs repeat the clock waveforms, they can be used as the clock input signals to 
the next higher order circuit in a multistage counter. 


Each circuit has an asynchronous parallel load capability permitting the counter to be preset. When the Parallel Load (PL) 
and the Master Reset (MR) inputs are LOW, information present on the Parallel Data inputs (Pg, P3) is loaded into the 
counter and appears on the outputs regardless of the conditions of the clock inputs. A HIGH signal on the Master Reset. 
input will disable the preset gates, override both Clock inputs, and latch each O output in the LOW state. If one of the Clock 
inputs is LOW. during and after a reset or load operation, the next LOW-to-HIGH transition of that Clock will be interpreted 
as a legitimate signal and will be counted. 


MODE SELECT TABLE 


Reset (Asyn.) 
Preset (Asnyn.) 


No Change 
Count Up 
Count Down 





L = LOW Voltage Level 

H = HIGH Voltage Level 

X = Don’t Care 

J = LOW-to-H!GH Clock Transition 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vec Pin Potential to Ground Pin —0.5V to+7.0V 
* Input Voltage (dc) —0.5Vto 15V 
* Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 V to+10 V 
Output Current (dc) (Output LOW) +50 mA 


* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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GUARANTEED OPERATING RANGES 
PART NUMBERS TEMPERATURE 


SN74LS193X 
X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL PARAMETER BMIts UNITS TEST CONDITIONS 


MAX 


Guaranteed Input HIGH Voltage 


Vin Input HIGH Voitage for All inptite 


oO 
“N 


w 
rs 

E 
> 


Guaranteed Input LOW Voltage 


Input LOW Voltage 
put LO oltag for All Inputs 


~ 
= 


Input Clamp Diode Voltage Vec = MIN, ly = -18 mA 
Vcc = MIN, lou = -—-400 vA 


Vin = Vin OF Viz per Truth Table 


lot = 4.0 mA | Vcc = MIN, Vin = Vin or 


lot = 8.0 mA | Vi, per Truth Table 
Vec = MAX, Vig = 2.7 V 
Vec = MAX, Vin, =10 V 
Vcc = MAX, Vin = 0.4 V 


Output HIGH Voltage 


Vv 
Output LOW Voltage V 


N 
aS 


N 
° 
> 


Input HIGH Current # 


3 
> 


Input LOW Current 


3 


oo 


‘| Output Short Circuit 


Current (Note 4) Voc = MAX, Vout = 9 V 


Power Supply Current Vec = MAX 


Pe Bale 

a ee 

i ie 

| [oss 

ouput vote | St 25 94 
| 74 | a7 | ae | 

uu Low votege |—Sts74 |_| 0 | 
a eee 

ae a 

| TS 

| | 

ion lll 8 


NOTES: 

. Conditions for testing, now shown in the table, are chosen to guarantee operation under ‘‘worst case’’ conditions. ; 

. The specified LIMITS represent the ‘‘worst case” value for the parameter. Since these “worst case’’ values normally occur at the tempera- 
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. ‘ 

Typical limits are at Vec =5.0V, Ty = 25 C, and maximum loading. 


Not more than one output should be shorted at a time. 
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AC CHARACTERISTICS: T, = 25°C 


SYMBOL PARAMETER 


Max Input Count Frequency 
CPy Input to 

TC, Output 

CPp Input to 

TCp Output 


CPy or CPp to 
Q,, Outputs 

Po - P3 Inputs 
Qo — Qz0utputs 
PL Input to 

Any Output 


MR Input to Any Output 





o 
=/-n =N rabek 
~ [wo on Vio 

gS) 












a ae 
PARAMETER 


ae ee 
[eryrewan | | 
[er rinewen | 
[Feriee was 
Tamrosowan |e 
coo 
af o 
Re 
al. 
ate 
ee 


TEST CONDITIONS 












DEFINITIONS OF TERMS: 


SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to 
the PL transistion from LOW-to-HIGH in order to be recognized and transferred to the outputs. 


HOLD TIME (t,) is defined as the minimum time following the PL transistion from LOW-to-HIGH that the logic level must 
be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic 
level may be released prior to the PL transistion from LOW-to-HIGH and still be recognized. 


RECOVERY TIME (tyo,) is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW-to-H!IGH in order to recognize and transfer HIGH data to the O outputs. 
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AC WAVEFORMS 


CPy or CPp 


NOTE: PL = LOW 


Fig. 3 


Fig. 4 


*hiH) thu) 
ts(H) tL) 


PL 13V 


*The shaded areas indicate when the input is permitted 
to change for predictable output performance. 


Fig. 6 





SN54LS194A/SN74LS194A 
4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 


DESCRIPTION — The SN54LS194A/SN74LS194A is a High Speed 4-Bit Bidirec- 
tional Universal Shift Register. As a high speed multifunctional sequential building LOGIC SYMBOL 
block, it is useful in a wide variety of applications. It may be used in serial-serial, 
shift left, shift right, serial-parallel, parallel-serial, and parallel-parallel data register 
transfers. The LS194 is similar in operation to the LS195 Universal Shift Register, 
with added features of shift left without external connections and hold (do Po Py P2 Pa Ost 
nothing) modes of operation. It utilizes the Schottky diode clamped process to 
achieve high speeds and is fully compatible with all Motorola TTL families. 








Qp 21 Ap Q3 

e TYPICAL SHIFT FREQUENCY OF 40 MHz 
e ASYNCHRONOUS MASTER RESET 15 14 13 12 
e HOLD (DO NOTHING) MODE 
e FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA TRANSFERS Vcc = Pin 16 
e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS GND =Pin 8 
e FULLY TTL AND CMOS COMPATIBLE 

CONNECTION DIAGRAM 
PIN NAMES _oneins Mere 7 DIP (TOP VIEW) 
Sq, 54 Mode Control Inputs 0.5 ULL. 0.25 ULL. 
Pg —P3 Parallel Data Inputs 0.5 ULL. 0.25 U.L. 
Dsp Serial (Shift Right) Data Input 0.5 ULL. 0.25 U.L. 
Dsi Serial (Shift Left) Data Input 0.5 ULL. 0.25 U.L. 
CP Clock (Active HIGH Going Edge) Input 0.5 ULL. 0.25 U.L. 
MR Master Reset (Active LOW) Input 0.5 ULL. 0.25 U.L. 
Qo — 03 Parallel Outputs (Note b) 10 ULL. 5(2.5) U.L. 
NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 


b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. 










LOGIC DIAGRAM 




























© =Pin Numbers ofcp 


oe EE =i 
ao i SSE 
7 IT Sic itr, 
we at a Ht Y [evs Vt 
Vcc = Pin 16 mine 


R 
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FUNCTIONAL DESCRIPTION — The Logic Diagram and Truth Table indicate the functional characteristics of the 
LS194 4-Bit Bidirectional Shift Register. The LS194 is similar in operation to the Motorola LS195 Universal Shift 
Register when used in serial or parallel data register transfers. Some of the common features of the two devices are 
described below: 


1. All data and mode control inputs are edge-triggered, responding only to the LOW to HIGH transition of the Clock (CP). 
The only timing restriction, therefore, is that the mode control and selected data inputs must be stable one set-up time 
prior to the positive transition of the clock pulse. 


2. The register is fully synchronous, with al! operations taking place in less than 15 ns (typical) making the device especially 
useful for implementing very high speed CPUs, or the memory buffer registers. 


3. The four parallel data inputs (Pp, Py, Pz, P3) are D-type inputs. When both Sg and Sq are HIGH, the data appearing on 
Pg, Py, Po, and P3 inputs is transferred to the Qo, Q1, Q9, and Q3 outputs respectively following the next LOW to HIGH 
transition of the clock. 


4. The asynchronous Master Reset (MR), when LOW, overrides all other input conditions and forces the Q outputs LOW. 
Special logic features of the LS194 design which increase the range of application are described below: 


1. Two mode control inputs (Sg, S;) determine the synchronous operation of the device. As shown in the Mode Selection 
Table, data can be entered and shifted from left to right (shift right, Qg > Qy, etc.) or right to left (shift left, Ag Qo, 
etc.), or parallel data can be entered loading all four bits of the register simultaneously. When both Sg and Sq are LOW, 
the existing data is retained in a ‘“‘do nothing’’ mode without restricting the HIGH to LOW clock transition. 


2. D-type serial data inputs (Dsp, Ds,) are provided on both the first and last stages to allow multistage shift right or shift 
left data transfers without interfering with parallel load operation. 


MODE SELECT — TRUTH TABLE 








Shift Left 





Shift Right 





Parallel Load 





L = LOW Voltage Level 

H= HIGH Voltage Level 

X = Don’t Care 

| = LOW voltage level one set-up time prior to the LOW to HIGH clock transition 

h = HIGH voltage level one set-up time prior to the LOW to HIGH clock transition 

Pry (Gp) = Lower case letters indicate the state of the referenced input (or output) one set- up time prior to the 
LOW to HIGH clock transition. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature ~—65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc) —0.5 V to +15 V 
*{nput Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5Vto+10V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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GUARANTEED OPERATING RANGES 














SUPPLY VOLTAGE (Vc) 


PART NUMBERS TEMPERATURE 










SN54LS5S194AX —65°C to +425°C 


SN74LS194AX 


















O°C to +75°C 








X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 
LIMITS 








oO NI 
‘& ay 
Nn 
o 

| 
o) 
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| 
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YMBOL PARAMETER UNITS TEST CONDITIONS 
s 2 a MIN TYP MAX ° 
Guaranteed Input HiGH 
I IGH Vol : 
VIH BRE ONG ee 20 Voltage for All Inputs 
54 0.7 Guaranteed Input LOW 
Vv I t LOW Volt 
IL nee ors Voltage for All Inputs 
Vep Input Clamp Diode Voltage Vec = MIN, Ii = —18 MA 





Vec = MIN, oH = —400 LA 


Vou Output HIGH Voltage : - 
= a7 Sek. "i : c i ic = un ce 
VOL Output LOW Voltage 0.25 0.4 Vv IoL OmA| Vcc = MIN, Vin IH or 


ere 





NO 
EB 
215 


A Vcc = MAX, Vin =10V 
lie Input LOW Current A Vcc = MAX, Vin = 0.4 V 


} 
a 
3 








Output Short Circuit 
—1 = , = 
lec Power Supply Current 15 23 mA Voc = MAX 
NOTES: 


1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case” conditions. 

2. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

3. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

4. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C 
























LIMITS 





SYMBOL PARAMETER 

















Shift Frequency 


Propagation Delay, 
Clock to Output 


Propagation Delay, 
MR to Output 


fMAx 
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t,(Data) 


t,(Data) 


AC SET-UP REQUIREMENTS: Ta = 25°C 
LIMITS 

pees ee eae | urs i 

Pcs 

Hold Time, Data to Clock: ye. i = Hl 

aa ee 

fea 
DEFINITIONS OF TERMS: 
SET-UP TIME (t,) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 


Set-up Time, Mode Control to Clock 
Recovery Time Master Reset to Clock | 18 | 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 


HOLD TIME (t,,) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 


RECOVERY TIME (t,o,) — is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW to HIGH in order to recognize and transfer HIGH Data to the O outputs. 


AC WAVEFORMS 


The shaded areas indicate when the input is permitted to change for predictable output performance. 


CLOCK TO OUTPUT DELAYS 
CLOCK PULSE WIDTH AND fax 


eo 
CLOCK 


eaaert 
eatcey | LHe 
OUTPUT 

ey fe 


OTHER CONDITIONS: $j =L,MR=H,Sg=H 


Fig. 1 


MASTER RESET PULSE WIDTH, 
MASTER RESET TO OUTPUT DELAY AND 
MASTER RESET TO CLOCK RECOVERY TIME 


OUTPUT 


OTHER CONDITIONS: Sg,S4=H 


Po = Py =P2=P3=H 


Fig. 2 
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SET-UP (ts) AND HOLD (t,,) TIME FOR SERIAL 
DATA (Dgpr, Ds_) AND PARALLEL DATA (Pg, P3, P2, P3) 


(——— IS SHIFT LEFT 


nuns PTE REA 


tL) tg(H) 
tyil) =0 thi) =0 


13V 1.3V 
CLOCK 


ape Nay ey 


OTHER CONDITIONS: MR=H 


*Dgp set-up time affects Og only 
Dgs_ set-up time affects Q3 only 


Fig. 3 


SET-UP (t,) AND HOLD (tp) TIME FOR S INPUT 


{STABLE TIME) 


OTHER CONDITIONS: 
Fig. 4 





SN54LS195A/SN74LS195A 
UNIVERSAL 4-BIT SHIFT REGISTER 





DESCRIPTION — The SN54LS195A/SN74LS195A is a high speed 4-Bit Shift 
Register offering typical shift frequencies of 50 MHz. it is useful for a wide variety 
of register and counting applications. It utilizes the Schottky diode clamped process 
to achieve high speeds and is fully compatible with al! Motorola TTL products. 












LOGIC SYMBOL 

























e TYPICAL SHIFT RIGHT FREQUENCY OF 50 MHz 
e ASYNCHRONOUS MASTER RESET 
e J, K INPUTS TO FIRST STAGE 
° FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA TRANSFERS ia eek 
e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS Vcc = Pin 16 
e FULLY TTL AND CMOS COMPATIBLE i 
STION DIAGRAM 

PIN NAMES LOADING (Note a) P (TOP VIEW) 
PE Parallel Enable (Active LOW) Input 
Po — P3 Parallel Data Inputs 
J First Stage J (Active HIGH) Input 
K First Stage K (Active LOW) Input 
cP Clock (Active HIGH Going j 
MR Master Reset (Active:LOV 
Qo — 03 5(2.5) ULL. 
03 5(2.5) ULL. 

NOTE: 
NOTES: The Fiatpak version has the same 


a. 1TTL Unit Load (U.L.) = 40 vA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. 


pinouts (Connection Diagram) as the 
Dual In-Line Package. 














LOGIC DIAGRAM se = aR 


J K Po Py Po P3 wR cp 


© © 


A EEN 


| ac ic 
a pte rtp 
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FUNCTIONAL DESCRIPTION — The Logic Diagram and Truth Table indicate the functional characteristics of the LS195 
4-Bit Shift Register. The device is useful in a wide variety of shifting, counting and storage applications. It performs serial, 
parallel, serial to parallel, or parallel to serial data transfers at very high speeds. 


The LS195 has two primary modes of operation, shift right (Qg  Q4) and parallel load which are controlled by the state of 
the Parallel Enable (PE) input. When the PE input is HIGH, serial data enters the first flip-flop Qo via the J and K inputs and 
is shifted one bit in the direction Qg > Q, > Q9~> Q3 following each LOW to HIGH clock transition. The JK inputs provide 
the flexibility of the JK type input for special applications, and the simple D type input for general applications by tying the 
two pins togethers. When the PE input is LOW, the LS195 ‘appears as four common clocked D flip-flops. The data on the 
parallel inputs Po, Py, Po, Pg is transferred to the respective Qg, Q1, Qg, Qg outputs following the LOW to HIGH clock 
transition. Shift left operation (Q3 — Q9) can be achieved by tying the Q,, outputs to the P,_1 inputs and holding the PE 
input LOW. 


All serial and parallel data transfers are synchronous, occuring after each LOW to HIGH clock transition. Since the LS195 
utilizes edge-triggering, there is no restriction on the activity of the J, K, P, and PE inputs for logic operation — except for 
the set-up and release time requirements. 


A LOW on the asynchronous Master Reset (MR) input sets all Q outputs LOW, independent of any other input condition. 
MODE SELECT — TRUTH TABLE 


OPERATING MODES 


Asynchronous Reset 


Shift, Set First Stage 


Shift, Reset First Stage 


Shift, Toggle First Stage 
Shift, Retain First Stage 


Parallel Load 


L = LOW voltage levels 

H = HIGH voltage levels 

X = Don’t Care 

| = LOW voltage level one set-up time prior to the LOW to HIGH clock transition. 

h = HIGH voltage level one set-up time prior to the LOW to HIGH clock transition. 

Py (qq) = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the 
LOW to HIGH clock transition. 





ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 Vto+7.0V 
*tnput Voltage (dc) —0.5V to +15 V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5Vtot10V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 
















PART NUMBERS TEMPERATURE 


SNS54LS195AX 
SN74LS195AX 


—55°C to +125°C 
O°C to +75°C 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 


SYMBOL PARAMETER UNITS TEST CONDITIONS 


Guaranteed Input HIGH 
Voltage for All Inputs 


nd 
oO 


Vin Input HIGH Voltage 


Guaranteed input LOW 


VIL INPBT LOW Neliage Voltage for All Inputs 


N 
PF 


Veo Input Clamp Diode Voltage 


Vcc = MIN, IN =-18mA 


Vcc = MIN, lon = —400 uA 
VIN = Vin or Vit per Truth Table 


loL = 4.0 mA | Vcc = MIN, Vin = Vip or 
Io = 8.0 mA | Vy, per Truth Table 


A Vcc = MAX, VIN =2.7V 
A Vcc = MAX, Vin =10V 
A Vec = MAX, VIN =0.4V 


Vou Output HIGH Voltage 


2.7 3.4 


0.25 


7 


54,74 
VoL Output LOW Voltage 


~ 


No 
o 
.~ 


Ny Input HIGH Current 


3 


o 
$ 
Ss 


Input LOW Current 


Output Short Circuit 
OS Current (Note 4) 


a 
o 


A Vec = MAX, VouT =O0Vv 


N 
_ 


lec Power Supply Current 


NOTES: 

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case” conditions. 

2. The specified LIMITS represent the “worst case” value for the parameter. Since these “worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

3. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

4. Not more than one output should be shorted at a time. 


3 


r 


A Vcc = MAX 


AC CHARACTERISTICS: Ty = 25°C 


PARAMETER 


Shift Frequency 
Propagation Delay, 
Clock to Output 
Propagation Delay, 
MR to Output 


AC SET-UP REQUIREMENTS: Ty, = 25°C 


PARAMETER 


LIMITS 
UNIT: 
ae] 
Set-up Time, Data to Clock H. . 18> (|) Be 






SYMBOL 






id 
o 
aa 
vo} 
= 


















SYMBOL 


t,(Data) 





t,(Data) 





t,(PE) 


Hold Time, PE Control to Clock 
Master Reset Pulse Width ES ae 
Recovery Time Master Reset to Clock | 2 fl 
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SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to 
the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 


HOLD TIME (t,) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must 
be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic 
level may be released prior to the clock transition from LOW to HIGH and still be recognized. 


RECOVERY TIME (tre,) is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW to HIGH in order to recognize and transfer HIGH data to the OQ outputs. 


AC WAVEFORMS 


The shaded areas indicate when the input is permitted to change for predictable output performance. 


CLOCK TO OUTPUT DELAYS SET-UP (ts) AND HOLD (t,) TIME FOR SERIAL 
AND CLOCK PULSE WIDTH DATA (J & K) AND PARALLEL DATA (Pg, P, Pa, P3) 


J&K 







cock L i rots NCAANNAANNNANNANNNNNN 
aa tu 


t,(L} Be 
thiL) =0 thiH} = 0 


OUTPUT 


1.3V 1.3V 
13V 13V 
CLOCK 
OUTPUT* a, ao a: Cnn, oe 
CONDITIONS: J=PE=MR=H CONDITIONS: MR=H 
K=L *J and K set-up time affects Qg only 
Fig. 1 Fig. 2 


MASTER RESET PULSE WIDTH, = 
MASTER RESET TO OUTPUT DELAY AND SET-UP (t,) AND HOLD (t,) TIME FOR PE INPUT 
MASTER RESET TO CLOCK RECOVERY TIME 


LOAD SERIAL DATA 
_ i w —| {Loao PARALLEL pata | SHIFT RIGHT 
MR 


ed PE 13V 13V 

es ee es Pee Pe 
t t.(L) ts(H) 
sa ty{L) tat) 


OUTPUT | 





13V 
CONDITIONS: PE=L CONDITIONS: MR=H 7 
Po =P, =P2=P3=H *Qp state will be determined by J and K inputs 
Fig. 3 Fig. 4 
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SN54LS196/SN74LS196 
SN54LS197/SN74LS197 


A4-STAGE PRESETTABLE RIPPLE COUNTERS 


DESCRIPTION — The SN54LS196/SN74LS196 decade counter is partitioned into 
divide-by-two and divide-by-five sections which can be combined to count either in 
BCD (8,4,2,1) sequence or in a bi-quinary mode producing a 50% duty cycle 
output, The SN54LS197/SN74LS197 contains divide-by-two and divide-by-eight 
sections which can be combined to form a modulo-16 binary counter. Low Power 
Schottky technology is used to achieve typical’ count rates of 70 MHz and power 
dissipation of only 80 mW. 


Both circuit types have a Master Reset (MR) input which overrides all other inputs 
and asynchronously forces all outputs LOW. A Parallel Load input (PL) overrides 
clocked operations and asynchronously loads the data on the Parallel Data inputs 
(P,) into the flip-flops. This preset feature makes the circuits usable as program- 
mable counters. The circuits can also be used as 4-bit latches, loading data from the 
Parallel Data inputs when PL is LOW and storing the data when PL is HIGH. 


e LOW POWER CONSUMPTION — TYPICALLY 80 mW 

© HIGH COUNTING RATES — TYPICALLY 70 MHz 

e CHOICE OF COUNTING MODES — BCD, BI-QUINARY, BINARY 

e ASYNCHRONOUS PRESETTABLE 

e ASYNCHRONOUS MASTER RESET 

@ EASY MULTISTAGE CASCADING 

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 


e FULLY TTL AND CMOS COMPATIBLE 





PIN NAMES LOADING (Note a) 
HIGH LOW 

CP Clock (Active LOW Going Edge) 1.0 ULL. 1.5 ULL. 
Input to Divide-by-Two Section 

CP, Clock (Active LOW Going Edge ) 2.0 U.L. 1.75 ULL. 
Input to Divide-by-Five Section 

CP, Clock (Active LOW Going Edge) 1.0 U.L. 1.0 ULL. 
Input to Divide-by-Eight Section 

MR Master Reset (Active LOW) Input 1.0 ULL. 0.5 ULL. 

PL Parallel Load (Active LOW) Input 0.5 U.L. 0.25 U.L. 

Po-P3 Data Inputs 0.5 ULL. 0.25 U.L. 

Q9-93 Outputs (Notes b, c) 10 ULL. 5(2.5) ULL. 

NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. 

c. In addition to loading shown, Qg can also drive CP,. 
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LOGIC SYMBOL 


Po Py Po Pg 


Vcc = Pin 14 
GND=Pin 7 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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LOGIC DIAGRAM 


ae 


ee 


reat | 
C.. 
O 


Vcc = Pin 14 
GND=Pin 7 
© = Pin Numbers 
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FUNCTIONAL DESCRIPTION — The LS196 and LS197 are asynchronously presettable decade and binary ripple 
counters. The LS196 Decade Counter is partitioned into divide-by-two and divide-by-five sections while the LS197 is 
partitioned into divide-by-two and divide-by-eight sections, with all sections having a separate Clock input. In the 
counting modes, state changes are initiated by the HIGH to LOW transition of the clock signals. State changes of the 
© outputs, however, do not occur simultaneously because of the internal ripple delays. When using external logic to 
decode the Q outputs, designers should bear in mind that the unequal delays can lead to decoding spikes and thus a 
decoded signal should not be used as a clock or strobe. The CPo input serves the Og flip-flop in both circuit types 
while the CP input serves the divide-by-five or divide-by-eight section. The Qg output is | is designed and specified to 
drive the rated fan-out plus the CP, input. With the input frequency connected to CPo and Qg driving CPy, the 
LS197 forms a straightforward module-16 counter, with Qo the least significant output and Q3 the most significant 
output. 


The LS196 Decade Counter can be connected up to operate in two different count sequences, as indicated in the 
tables of Figure 2, With the input frequency connected to CPo and with Qo driving CP4, the circuit counts in the 
BCD (8, 4, 2, 1) sequence. With the input frequency connected to CPy and Q3 driving CPo, Qo becomes the low 
frequency output and has a 50% duty cycle waveform. Note that the maximum counting rate is reduced in the latter 
(bi-quinary) configuration because of the interstage gating delay within the divide-by-five section. 


The LS196 and LS197 have an asynchronous active LOW Master Reset input (MR) which overrides all other inputs 
and forces all outputs LOW. The counters are also asynchronously presettable. A LOW on the Parallel Load input 
(PL) overrides the clock inputs and loads the data from Parallel Data (Pg — P3) inputs into the flip-flops. While PL is 
LOW, the counters act as transparent latches and any change in the Py, inputs will be reflected in the outputs. 


Figure 2: LS196 COUNT SEQUENCES 


DECADE (NOTE 1)  BI-QUINARY (NOTE 2) 


Q3 Q2 Oy COUNT 


le) 
Oo 
° 
wW 
fe) 
nN 
- 


Per rrr ee roe 
reer rtrrrerere 
foe SE er ae 
fo oR Ser ee 
Cod 
mirtmrtrtrtorreeree 
a a a el 
Pe. rr ea ae Pe 
Pon Pome er rer ae 


1 
2 
3 
4 
5 
6 
7 
8 
9 


NOTES: 
1. Signal applied to CPg, Qg connected to CP. 
2. Signal applied to CP, Q3 connected to CPg. 


MODE SELECT TABLE 


INPUTS 


~ Reset (Clear) 
Parallel Load 
Count 
HIGH Voltage Level 
LOW Voltage Level 


Don’t Care 
HIGH to Low Clock Transition 
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ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Voc Pin Potential to Ground Pin —0.5 V to+7.0V 
*Input Voltage (dc) —0.5 Vto +15 V 
*input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 Vto +10 V 
Output Current (dc) (Output LOW) +50 mA 

*Ejither Input Voltage limit or !nput Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 
TY 


PART NUMBERS TEMPERATURE 


: 
> 


SN54LS196X 
SNS4LS197X 


SN74LS196X , : 
SN74LS197X 5.0 V 0°C to +75°C 


5.0 V : —55°C to +125°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


T 
SYMBOL PARAMETER EMITS 
Vin Input HIGH Voltage 


Input LOW Voltage 


Input Clamp Diode Voltage 


UNITS TEST CONDITIONS 
Guaranteed Input HIGH Voltage 
for All Inputs 


Guaranteed Input LOW Voltage 
for All Inputs 


Vec = MIN, Iiy = 718 MA 
Vec = MIN, lou = -400 HA 
Vin = = Vin or VIL per Truth Table 


tO 
a 


Output HIGH Voltage fe 
5 
Output LOW Voltage 


Input HIGH Current 
PL, Po, Py, Po, P3 
MR, CPo, CP, (LS197) 
CP, (LS196) 
PL, Po, Py, R 
MR, CPo, CP, (LS197) 
CP, (LS196) 


lol = 4.0 mA | Vcc = MIN, Vin = Vin or 
lot = 8.0 MA | Vi, per Truth Table 


Vcc _ MAX, VIN =2.7V 


Vcc = MAX, Vin=10V 
Vec = MAX, Vin = 5.5. V 
Vcc = MAX, Vin = 5.5 V 


3 


Input LOW Current 
PL, Po, Py, Po, Pa 
MR 
CP 
CP, (LS196) 

CP, (LS197) 


Output Short Circuit 

Current (Note 4) 

Power Supply Current 
NOTES: 


Conditions for testing, not shown in the Table, are chosen to guarantee operation under “‘worst case” conditions. 

The specified LIMITS represent the “‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

Typical limits are at Vcc = 5.0 V, Ta = 28°C. 

Not more than one output should be shorted at a time. 


3 
> 


Vec a MAX, VIN =0.4V 





A Vec = MAX, VouT =OV 


N Uv 
.s 


3] . 
3 


0 


3 


A Vec = MAX 
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AC CHARACTERISTICS: Ta = 25°C 






LIMITS 


TEST CONDITIONS 


SYMBOL PARAMETER 


rope f 
CPg Input to 8.0 i 

Qp Output 8.0 8.0 15 

CP, input to 9.0 15 9.0 15 

Q, Output 9.0 15 9.0 17 














CP, Input to 
Q» Output =5.0V 
CP, Input to Cy = 15 pF 









Po, Py, Po, Pg Inputs 10 10 27 Fig. 2 
Qo. Q;, Qo, Q3 Outputs 24 24 44 

PL Input to 15 31 15 

Any Output 24 37 24 


Fig. 3 










AC SET-UP REQUIREMENTS: T, = 25°C 



















LIMITS 


PARAMETER LS196 LS197 UNITS 


CPo Pulse Width | 12 | 
CP, Pulse Width 
PL Pulse Width 


fi | | 
atrasewon pe | | 

[sewtmeowoowR [ef | te] ||. 
a ras 


SYMBOL TEST CONDITIONS 








[iatTinw aware eR | 60 
[roarisgn oma [0 
[resman tee | 

| 12 | 


Recovery Time MR to CP 





DEFINITIONS OF TERMS: 


SET-UP TIME (t,) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from HIGH to LOW in order to be recognized and transferred to the outputs. 


HOLD TIME (t,) — is defined as the minimum time following the clock transition from HIGH to LOW that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from HIGH to LOW and still be recognized. 


RECOVERY TIME (tre,) — is defined as the minimum time required between the end of the reset pulse and the clock 
transition from HIGH to LOW in order to recognize and transfer LOW Data to the OQ outputs. 
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AC WAVEFORMS 


NOTE: PL=LOW 


« LIT 


*The shaded areas indicate when the input is permitted 
to change for predictable output performance. 


Fig. 5 





SN54LS251/SN74LS251 
8-INPUT MULTIPLEXER WITH 3-STATE OUTPUTS 


JESCRIPTION — The TTL/MS! SN54LS251/SN74LS251 is a high speed 8-Input 
Jigital Multiplexer. It provides, in one package, the ability to select one bit of data 
rom up to eight sources. The LS251 can be used as a universal function generator 
© generate any logic function of four variables. Both assertion and negation out- 
yuts are provided. 


» SCHOTTKY PROCESS FOR HIGH SPEED 

» MULTIFUNCTION CAPABILITY 

» ON-CHIP SELECT LOGIC DECODING 

» INVERTING AND NON-INVERTING 3-STATE OUTPUTS 

» INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
» FULLY TTL AND CMOS COMPATIBLE 





»?IN NAMES LOADING (Note a) 

0 — $9 Select Inputs 0.5 ULL. 0.25 ULL. 
79 Output Enable (Active LOW) Input 0.5 ULL. 0.25 ULL. 
o-'7 Multiplexer Inputs 0.5 ULL. 0.25 U.L. 
? Multiplexer Output (Note b) 65 (25) ULL. 5 (2.5) ULL. 
7 Complementary Multiplexer Output 65 (25) ULL. 5 (2.5) UL. 


(Note b) 


NOTES: 

. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 

» The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military (54) and 65 U.L. for 
Commercial (74) 'Temperature Ranges. 


LOGIC DIAGRAM ‘0 4 '2 '3 '4 


Vcc = Pin 16 
GND=Pin 8 
© = Pin Numbers 
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LOGIC SYMBOL 


3°92 = 1 «15 14 13 12 


Eo lo ty lo Ig Ig Ip Ig '7 


Vcc = Pin 16 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
















SN54LS251/SN74LS251 


FUNCTIONAL DESCRIPTION — The LS251_ is a logical implementation of a single pole, 8-position switch with the switch 
Position controlled by the state of three Select inputs, Sg, S;, Sp. Both assertion and negation outputs are provided. The 
Output Enable input (Eq) is active LOW. When it is activated, the logic function provided at the output is: 


Z= Eo: (Ig°Sg°S4 ‘So +14 *So°Sy “So + lp*Sq°Sy ‘So + Ia*Sq°Sq “So + 
14°So°S4 "So + 15°Sq°S4 *S9 + Ig°Sg°S4 "So + 17°Sg°S4 *So). 


When the Output Enable is HIGH, both outputs are in the high impedance (high Z) state. This feature allows multiplexer 
expansion by tying the outputs of up to 128 devices together. When the outputs of the 3-state devices are tied together, all 
but one device must be in the high impedance state to avoid high currents that would exceed the maximum ratings. The 
Output Enabie signals should be designed to ensure there is no overlap in the active LOW portion of the enable voltages. 














TRUTH TABLE 

0 1 4 5 6 7 
H x xX x x x Xx x xX x x xX (Z) (2) 
L L L L L x x x x x Xx x H L 
L L L L H x x Xx x x Xx x L H 
L L L H x L x x x xX x Xx H- L 
L L L H x H x x x x x X L H 
L L H L x x L x x x x 4 H L 
L L H L x x H Xx x x x x L H 
L L H H x Xx x L x x x x H L 
L L H H xX x 4 H 4 x x x L H 
L H L L x x x x L x xX xX H L 
L H L L x x x x H x X Xx L H 
L H L H x xX x x x L X Xx H L 
L H L H xX x x x x H Xx x L H 
L H H L x Xx Xx Xx Xx x L X H L 
L H H L x x Xx x x x H Xx L H 
L H H H x x x Xx Xx xX Xx L H L 
L H H H x Xx x X xX xX Xx H L H 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t.Care 
(Z) = High Impedance (Off) 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin ~0.5V to +7.0V 
* Input Voltage (dc) —~0.5Vto +15 V 
*tnput Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 V to +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 
fa Ne =o Pe 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


PART NUMBERS TEMPERATURE 


—55 °C to +125°C 
O°C to +75°C 


SN54LS251X 
SN74LS251X' 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


MITS UNITS | TEST CONDITIONS 


Guaranteed Input HIGH Voltage 
for All Inputs 


SYMBOL PARAMETER 


Input HIGH Voltage 


Guaranteed Input LOW Voltage 


Input LOW Voltage for All Inputs 


~ 
Wl 


input Clamp Diode Voltage Vec = MIN, lyy = -18 mA 


loH =-1.0mA Vec = MIN, VIN = Vin or 
low =-2.6 mA Vit per Truth Table 
lo. = 4.0 mA |Vcc = MIN, Vin = Vin or 
lol = 8.0 mA } Vi, per Truth Table 


Voc = MAX, Voyt = 2.7 V, Ve = 2.0V 
Voc = MAX, Voyt = 0.4 V, VE = 2.0V 
uA | Voc = MAX, Vin =2.7V 
Voc = MAX, Vin =10V 
mA | Voc = MAX, Viy = 0.4 V 


nh 
Ww 
~ 


eisls| || |e 
elle | elele| |e 


Output HIGH Voltage 


hb 
io) 
NS 
ai 


54,7 
Output LOW Voltage 


~ 
bh 


Sw 


Output Off Current HIGH 
Output Off Current LOW 


NX 
o 
4 


nN 

oO 
< 
> 


Input HIGH Current 


> 


m 
Input LOW Current 


Output Short Circuit 


A = MAX, V =OV 
Current (Note 4) mt Vcc OUT 


Power Supply Current, 
Outputs LOW 

Power Supply Current; 
Outputs Off 


A Vec = MAX, VIN = 4.5 V, VE= OV 
lec 


N 


A | Voc = MAX, Vin = 4.5 V, VE = 4.5 V 


| 
NR 


NOTES: 

. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions. 

. The specified LIMITS represent the ‘worst case’’ value for the parameter. Since these ‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: T, = 25°C 


SYMBOL PARAMETER 


11 
23 


Output Enable Time 
to HIGH Levei 


Output Enable Time 
to LOW Level 


Output Disable Time 
from LOW Level 


Output Disable Time 
from HIGH Level 
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3-STATE AC WAVEFORMS 


TO OUTPUT 
UNDER TEST 


7 


*Includes Jig and Probe Capacitance. 


AC LOAD CIRCUIT 
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SWITCH POSITIONS 





SYMBOL 


sw 





tPZH 


Open Closed 





tPZL 


Closed Open 








tPLZ 
tPHZ 





Closed | Closed 





Closed Closed 








SN54LS253/SN74LS253 


DUAL 4-INPUT MULTIPLEXER 7 
WITH 3-STATE OUTPUTS | 


DESCRIPTION — The LSTTL/MSI SN54LS253/SN74LS253 is a Dual 4-Input 
Multiplexer with 3-state outputs. It can select two bits of data from four sources LOGIC SYMBOL 
using common select inputs. The outputs may be individually switched to a high 
impedance state with a HIGH on the respective Output Enable (EQ) inputs, allow- 
ing the outputs to interface directly with bus oriented systems. It is fabricated with 
the Schottky barrier diode process for high speed and is completely compatible 
with all Motorola TTL families. 


SCHOTTKY PROCESS FOR HIGH SPEED 

MULTIFUNCTION CAPABILITY 

NON-INVERTING 3-STATE OUTPUTS 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
FULLY TTL AND CMOS COMPATIBLE 


1 6 5 4 3 10 14 12 13 15 


PIN NAMES LOADING (Note a) 






So, $4 Common Select Inputs 0.5 ULL. 0.25 ULL. 

Multiplexer A 

Eoa Output Enable (Active LOW) Input 0.5 ULL. 0.25 ULL. 

log — '3a Multiplexer Inputs 0.5 ULL. 0.25 U.L. 

Z3 Multiplexer Output (Note b) 65(25) U.L. 5(2.5) ULL. 

Multiplexer B 

Eop Output Enable (Active LOW) Input 0.5 ULL. 0.25 U.L. 

lob — '!3b Multiplexer Inputs 0.5 ULL. 0.25 U.L. 

Zp Multiplexer Output (Note b) 65(25) U.L. 5(2.5) U.L. CONNECTION DIAGRAM 
NOTES: DIP (TOP VIEW) 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military and 65 U.L. for 
Commercial Temperature Ranges. 


LOGIC DIAGRAM 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


Vcc = Pin 16 
GND=Pin 8 
© = Pin Numbers 
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FUNCTIONAL DESCRIPTION — The LS253 contains two identical 4-Ilnput Multiplexers with 3-state outputs. They select 
two bits from four sources selected by common select inputs (Spo, $1). The 4-input multiplexers have individual Output 
Enable (Ega. Epp) inputs which when HIGH, forces the outputs to a high impedance (high Z) state. 


The LS253 is the logic implementation of a 2-pole, 4-position switch, where the position of the switch is determined by the 
logic levels supplied to the two select inputs. The logic equations for the outputs are shown below: 

Za= Epa‘ (loa * $1 * Sq + I4a° Sy * Sp + !2q* Sy * Sq + 1gq* $4 * So) 

2p = Egy * (lob * 84° So + lb “$1 * Sot lap * $4 * So + Igp * $1 * So) 
If the outputs of 3-state devices are tied together, ali but one device must be in the high impedance state to avoid high 


currents that would exceed the maximum ratings. Designers should ensure that Output Enable signals to 3-state devices whose 
outputs are tied together are designed so that there is no overlap. 


TRUTH TABLE 


SELECT OUTPUT 
peed DATA INPUTS pes have OUTPUT 


ee id 


Xx Xx 
L L 
L L 
H L 
H L 
L H 
L H 
H H 
H 


x xX KK KK IT XK 
x x x x IT KK XK 
x x Cm KK KK RK 
rr KK KK KK XK 
| aes aM: SM) Co CR So) ala 


x= 


HIGH Level 
LOW Level 
Irrelevant 
) = High Impedance (off) 
Address inputs Sg and S41 are common to both sections. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
' $torage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 Vto+7.0V 
*Input Voltage (dc) —0.5 Vto+15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5Vto +10 V 
Output Current (dc) (Output LOW) +50 mA 


“Either input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


PART NUMBERS — oe TEMPERATURE 


SN74LS253X 4.75V 5.25V 0°C to +75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product, 





SN54LS253/SN74LS253 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
AR R > UNIT: TEST NDITIONS 
SYMBOL PARAMETE T min | TP | ST CONDITIO 
Guaranteed Input HIGH Voltage 
Vin Input HIGH Voltage beef | Vv for All'inputs 
54 7 G teed Input LOW Volt 
Ve ‘siCOW Walia, | Wee uaranteed Input LOW Voltage 
van Input Clamp Diode Voltage | | oes | Voc = MIN, ty =—-18 mA 
| 24 | 34 | lon = 1.0 mA} Voc = MIN, Vin = Vin OF 

VOH Output HIGH Voltage Vv 

ze low = —2.6 mA] Vi, per Truth Table 


74 Vv | 40mA | Vcc= MIN, Vin =V 
Vou Output LOW Voltage OL me cc IN = VIH oF 


Vv lo, = 8.0 mA | Vi, per Truth Table 


A | Voc = MAX, Voyt = 2.7 V, Ve=2.0V 
A | Voc = MAX, Voyt = 0.4, VE= 2.0 V 
A | Voc = MAX, Vy = 2.7 V 
mA | Voc = MAX, Vy = 10V 


Voc = MAX, Vin = 0.4 V 


mA Vec = MAX, VouT =0V-. 


~“N 
ul 

No 

+ 


lozH Output Off Current HIGH 
lozL Output Off Current LOW 


Bs 


N 
(o) 
~ 


iy Input HIGH Current 


= 

ime 

fice 21 

— 

ee 

| eats 

" Input LOW Current fd 


> 


Output Short Circuit 
sc Current (Note 4) 


Power Supply Current, 
| Outputs LOW 
cc Power Supply Current, 
Outputs Off 


— 
LS) 


Vcc = MAX, Vin = OV, VE=OV 
mA 
Voc = MAX, Vin = OV, Ve=4.5V 


i = 


NOTES: 

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under “worst case” conditions. 

2. The specified LIMITS represent the ‘worst case” value for the parameter. Since these ‘‘worst case” values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

3. Typical limits are at Vcc = 5.0 V, 25°C, and maximum loading. 

4. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: T, = 25°C (See Page 5-98 for Waveforms) 





5-101 


SN54LS257/SN74LS257 


QUAD 2-INPUT MULTIPLEXER 
WITH 3-STATE OUTPUTS 


DESCRIPTION — The LSTTL/MSI SN54LS257/SN74LS257 is a Quad 2-Input 
Multiplexer with 3-state outputs. Four bits of data from two sources can be LOGIC SYMBOL 
selected using a Common Data Select input. The four outputs present the selected 
data in true (non-inverted) form. The outputs may be switched to a high impedance 
state with a HIGH on the common Output Enable (Eo) Input, allowing the outputs 
to interface directly with bus oriented systems. It is fabricated with the Schottky 








barrier diode process for high speed and is completely compatible with all Motorola 
TTL families. 5 6 14 13 11 10 
e SCHOTTKY PROCESS FOR HIGH SPEED 
e MULTIPLEXER EXPANSION BY TYING OUTPUTS TOGETHER 
e NON-INVERTING 3-STATE OUTPUTS 
e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
e FULLY TTL AND CMOS COMPATIBLE 
PIN NAMES LOADING (Note a} 
S Common Data Select Input 1.0 ULL. 0.5 ULL. 
Eo Output Enable (Active LOW) Input 0.5 ULL. 0.25 U.L. 
loa — 'ou Data Inputs from Source 0 0.5 ULL. 0.25 U.L. 
Iya Ng Data Inputs from Source 1 0.5 ULL. 0.25 ULL. 
Z,—2q Multiplexer Outputs (Note b) 65(25) U.L. 5 (2.5) U.L. Voc = Pin 16 
GND =Pin 8 
NOTES: 
a. 1 TTL Unit Load (U.L.) = 40 wA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) CONNECTION DIAGRAM 


Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military (54) and 65 U.L. for DIP (TOP VIEW) 
Commercial (74) Temperature Ranges. 


LOGIC DIAGRAM 


Vcc = Pin 16 
GND =Pin 8 
© = Pin Numbers 


Be 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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SN54LS257/SN74LS257 


FUNCTIONAL DESCRIPTION — The LS257 is a Quad 2-Input Multiplexer with 3-state outputs. It selects four bits of data 
from two sources under control of a Common Data Select Input. When the Select input is LOW, the Ig inputs are selected 
and when Select is HIGH, the 11 inputs are selected. The data on the selected inputs appears at the outputs in true (non- 
inverted) form. 


The LS257_ is the logic implementation of a 4-pole, 2-position switch where the position of the switch is determined by the 
logic levels supplied to the Select Input. The logic equations for the outputs are shown below: 


2, =EQ* (Iq4q°S+!gq° S) Zp =EQ* (yp * S+ lop ° S) 

Zo=EQ* (We * Ste ° §) Zg=EQ° (lag? St+log ° S) 
When the Output Enable !nput (Eo) is HIGH, the outputs are forced to a high impedance “off” state. If the outputs are tied 
together, all but one device must be in the high impedance state to avoid high currents that would exceed the maximum 


ratings. Designers should ensure that Output Enable signals to 3-state devices whose outputs are tied together are designed so 
there is no overlap. 


TRUTH TABLE 


OUTPUT SELECT DATA 
ENABLE INPUT INPUTS 










OUTPUTS 






HIGH Voltage Level 
LOW Voltage Level 
Don’t Care 

High impedance (off) 


H 
L 
Xx 
2) 


~ 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vec Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc) —0.5Vtot15V 
* input Current (dc) ~—30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 V to +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 
a 


45 V 5.0 V 5.5 V 


4.75 V 5.0V 

















PART NUMBERS TEMPERATURE 





SN54LS257X 
SN74LS257X 


—55°C to +125°C 
O0°C to + 75°C 








5.25 V 








X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 
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SN54LS257/SN74LS257 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


. Ion = —2.6 mA | Vir per Truth Table 
lo. = 4.0 mA Vcc = MIN, VIN = VIH or 
lot =8.0mMA Vit per Truth Table 


Vcc = MAX, Vout = 24 V, VE =2.0V 
Vec = MAX, VouT =0.4V, VE =2.0V 


0.35 


54 . 
VoH Output HIGH Voltage | 54 
3 
5 
VoL Output LOW Voltage 
| 74 


lozH Output Off Current HIGH 


Output Off Current LOW 


LIMITS 
SYMBOL PARAMETER Pin | TYP UNITS TEST CONDITIONS 
TYP MAX 
Vin Input HIGH Voltage Lil pe has nice HSH vonage 
54 
Vib Input LOW Voltage | 54 | eee <a 7 Vv Guaranteed Input LOW Voltage 
Veo Input Clamp Diode Voltage | ~0.65 | Voc = MIN, liy = —18 mA 
lo =—1.0 mA | Voc = MIN, Vyy = Vyy oF 


wd 
oO 
.~ 





| 
NR 
io) 
.~ 
> 


lozi 














Input HIGH Current 


Eo. lox: 1x 
S 


Input HIGH Current at MAX 
Input Voltage 


Eo lox: Ix 
S 


Input LOW Current 
ie Eo: lox: '1x 


Ss 
I Output Short Circuit 
Os Current (Note 4) 


Power Supply Current, Outputs HIGH 


nN 
oO 






.~ 
> 


Vec = MAX, VIN =2.7V 


p 
oO 





WH 






Vec = MAX, VIN =10V 






Vcc = MAX, VIN =0.4V 





3 


> > : 


Vec = MAX, VOUT =OV 


an N] ph N 
a pl fp fo) 


Vcc = MAX, VIN = 4.5 V, VE= OV 
Vec = MAX, Vin = OV, VE=OV 
Voc = MAX, Viy = 0 V, Ve = 4.5 V 


3 
> 


lec Power Supply Current, Outputs LOW 
Power Supply Current, Outputs OFF 
NOTES: 


1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’”’ conditions. 

2. The specified LIMITS represent the ‘‘worst case’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

3. Typical limits are at Voc = 5.0 V, 25°C, and maximum loading. 

4. Not more than one output should be shorted at a time. 


be | & 
o}] a 
‘ Oo 9° 
No — 
3 
> 


= : 
oO 


= 
~ 


AC CHARACTERISTICS: Ta = 25°C, Vec = 5.0 V (See Page 5-98 for Waveforms) 


LIMITS 
PARAMETER UNITS 
ramaweren ae Oe 
Propagation Delay, Select to Output aa I 
















SYMBOL TEST CONDITIONS 


Propagation Delay, Data to Output 








5-104 


SN54LS258/SN74LS258 


QUAD 2-INPUT MULTIPLEXER 
WITH 3-STATE OUTPUTS 


DESCRIPTION — The LSTTL/MSI SN54LS258/SN74LS258 is a Quad 2-Input LOGIC SYMBOL 
Multiplexer with 3-state outputs. Four bits of data from two sources can be 
selected using a common data select input. The four outputs present the selected 
data in the complement (inverted) form. The outputs may be switched to a high 
impedance state with a HIGH on the common Output Enable (Eo) Input, allowing 
the outputs to interface directly with bus oriented systems. It is fabricated with the 
Schottky barrier diode process for high speed and is completely compatible with all 15 2 3 5 6 14 13 11 10 
Motorola TTL families. 





¢ SCHOTTKY PROCESS FOR HIGH SPEED Eq 'oa Ia fob 1b loc Me lod 1a 
e MULTIPLEXER EXPANSION BY TYING OUTPUTS TOGETHER 
e INVERTING 3-STATE OUTPUTS 
e {INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
e FULLY TTL AND CMOS COMPATIBLE 
PIN NAMES LOADING (Note a 
HIGH LOW 
S Common Select Input 1.0 ULL. 0.5 ULL. 
Eo Output Enable (Active LOW) Input 0.5 ULL. 0.25 ULL. 
loa — 'oa Data Inputs from Source 0 0.5 ULL. 0.25 U.L. 
Mala Data Inputs from Source 1 0.5 ULL. 0.25 U.L. Vec = Pin 16 
Za~Zq Multiplexer Outputs (Note b) 65(25) U.L. 6(2.5) U.L. GND=Pin 8 


NOTES: 
a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 


CONNECTION DIAGRAM 


Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military (54): and 65 U.L. for DIP (TOP VIEW) 
Commercial.(74) Temperature Ranges. 


LOGIC DIAGRAM 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


Vec = Pin 16 
GND=Pin 8 
© = Pin Numbers 
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SN54LS258/SN74LS258 


FUNCTIONAL DESCRIPTION — The LS258 is a Quad 2-Input Multiplexer with 3-state outputs. It selects four bits of data 
from two sources under control of a common Select Input (S). When the Select input is LOW, the Ig inputs are selected and 
when Select is HIGH, the |1 inputs are selected. The data on the selected inputs appears at the outputs in inverted form. 


The LS258 Quad 2-Input Multiplexer is the logic implementation of a 4-pole, 2-position switch where the position of the 
switch is determined by the logic levels supplied to the Select Input. The logic equations for the outputs are shown below: 


Z,=Eg* (ta* Slog ° 5S) Zp = EQ: (yp * St lop: S) 
ZoaE Ss 


0° (lye * St IQ ° S) Zq= EQ: (lig? St log ° $) 


When the Output Enable Input (Eo) is HIGH, the outputs are forced to a high impedance “off’’ state. If the outputs of the 
3-state devices are tied together, all but one device must be in the high impedance state to avoid high currents that would 
exceed the maximum ratings. Designers should ensure that Output Enable signals to 3-state devices whose outputs are tied 
together are designed so there is no overlap. 


TRUTH TABLE 


OUTPUT SELECT DATA 
ENABLE INPUT INPUTS eae 





coral 


HIGH Voltage Level 
LOW Voltage Level 
Don’t Care 

High Impedance (Off) 


you ou a 


H 
L 
x 
(Z 


~— 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 Vto+7.0V 
*Input Voltage (dc) —0.5Vto+15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HiGH) —0.5 Vto +10 V 
Output Current (dc) (Output LOW) +50,mA 


*Ejther Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 
a SS 




















PART NUMBERS TEMPERATURE 


SN54LS258X 
SN74LS258X 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages avatiable on this product. 


—55°C to +125°C 
O°C to +75°C 
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SN54LS258/SN74LS258 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 
LIMITS 


SYMBOL PARAMETER UNITS TEST CONDITIONS 


Vin Input HIGH Voltage 2.0 
Vit Input LOW Voltage 
74 


Vep Input Clamp Diode Voltage 


54 
VoH Output HIGH Voltage 

74 

54,74 
VoL Output LOW Voltage e 

74 


lozH Output Off Current HIGH 


Oo1°o 
wlrs | | 2 
aia! o/ az a) 
¢ bh N 
Oo Oo 


Guaranteed Input HIGH Voltage 
for All Inputs 


Guaranteed Input LOW Voltage 
for All Inputs 


Vec = MIN, IN =-18mMA 


lon =-1.0mA Voc = MIN, VIN = Vin or 
lon = ~2.6 mA | Vi, per Truth Table 


lol =4.0mA | Vcc= MIN, Vin = Vip or 
lop = 8.0 mA | Vy per Truth Table 


HA Vcc = MAX, Vout = 2.4 V, VE = 2.0 V 


2.4 


20 


~N > 













lai: Output Off Current LOW | | -20 | uA | Veg = MAX, Voyy =0.4 V, VE = 2.0V 
Input HIGH Current 
Eo, lox. | 
= Oe uA | Veco = MAX, Vin = 2.7 V 
I : 
IH 
Input HIGH Current at MAX 
Input Voltage 
Eo: lox. '4 0.1 3 2 
as oo | ™ | Voc = MAX, Vy = 10V 
Input LOW Current 
We Eo. lox Hx 
mA Vac = MAX, Ving = 0.4 V 
Ss : cc = MAX, Viy = 0 
Output Short Circuit 
| = = 
Os Current (Note 4) | 16 | 100 | mA | Voc = MAX, Voyt =0V 
Power Supply Current, Outputs HIGH Ie eal | 9.0 | mA Voc = MAX, Vin = OV, VE=OV 
lec Power Supply Current, Outputs LOW | a Vec = MAX, Vin = 4.5 V, VE=OV 
Power Supply Current, Outputs OFF Ht as os zs mA Vec = MAX, Vin = OV, VE= 4.5 V 


NOTES: 

1. Conditions for testing, not shown in the Tabie, are chosen to guarantee operation under ‘‘worst case’’ conditions. 

2. The specified LIMITS represent the ‘‘worst case” value for the parameter. Since these ‘’worst case” values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
Operating ranges. 

3. Typical limits are at Vcc = 5.0 V, 25°C, and maximum loading. 

4, Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C, Vcc = 5.0 V (See Page 5-98 for Waveforms) 


SYMBOL PARAMETER 
Propagation Delay, Data to Output 
Propagation Delay, Select to Output 


Output Enable Time to HIGH Level 
Output Enable Time to LOW Level 


Output Disable Time from LOW Level 
Output Disable Time from HIGH Level 
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SN54LS259/SN74LS259 
8-BIT ADDRESSABLE LATCH 


DESCRIPTION — The SN54LS259/SN74LS259 is a high-speed 8-Bit Addressable 
Latch designed for general purpose storage applications in digital systems. It isa 
multifunctional device capable of storing single line data in eight addressable 
latches, and also a 1-of-8 decoder and demultiplexer with active HIGH outputs. The 
device also incorporates an active LOW common clear for resetting all latches, as 
well as, an active LOW enable. 


SERIAL-TO-PARALLEL CONVERSION 

8-BITS OF STORAGE WITH OUTPUT OF EACH BIT AVAILABLE 
RANDOM (ADDRESSABLE) DATA ENTRY 

ACTIVE HIGH DEMULTIPLEXING OR DECODING CAPABILITY 
EASILY EXPANDABLE 

COMMON CLEAR 

FULLY TTL COMPATIBLE 


PIN NAMES 

Ag, A1,A2 Address Inputs 

D Data Input 

E Enable (Active LOW) Input 
Cc Clear (Active LOW) Input 

Qp to Q7 Parallel Latch Outputs 











LOGIC SYMBOL 








A 
26 09 0; 02 0304 05 06 07 





16 4 5 6 7 9 10 11 12 


Vec = Pin 16 
GND = Pin8& 






CONNECTION DIAGRAM 
DIP (TOP VIEW) 





E D Ao AY A2 Cc Voc = Pin 16 
® @ @®@ ® ® GND = Pin8 
Y y ¥ ¥ O = Pin Numbers 
V V/ VV V 
{ee | So De cee 
— —=—= === —— — 
= —_ === — = — I 
SS Sy = 
Si gieeiiniern TM ood Mh ood Mh oo Me 1 
OU OY UYU O sara 
VJ Y YY Y 
ap ® Q1 ® Qo © Q3 @ Qq ® Qs Og D) Q7 @ 


SN54LS283/SN74LS283 
4-BIT BINARY FULL ADDER WITH FAST CARRY 





DESCRIPTION — The SN54LS283/SN74LS283 is a high-speed 4-Bit Binary Full 
Adder with internal carry lookahead. It accepts two 4-bit binary words (Aj — Aq, 
34 — Bg) and a Carry Input (Cy,y). It generates the binary Sum outputs (274 — Yq) 
ind the Carry Output (COyT) from the most significant bit. The LS283 operates 
vith either active HIGH or active LOW operands (positive or negative logic). 


LOGIC SYMBOL 


















?IN NAMES LOADING (Note a} 

a Ag 8, Bo By B 
Ay —Ag Operand A Inputs iis ec las 
34 — Bg Operand B Inputs Sour 
>IN Carry Input 
24-24 Sum Outputs (Note b) 10 : 
SOUT Carry Output (Note b) 6 | 5(2.5) U.L. 
NOTES: 


1, 1 TTL Unit Load (U.L.) = 40 vA& 
», The Output LOW drive fag 
Temperature Range: 






for Military (54) and 5 U.L. for Commercial (74) 










Voc = Pin 16 
GND =Pin 8 







CONNECTION DIAGRAM 
DIP (TOP VIEW) 







NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 





Vcc = Pin 16 
GND=Pin 8 
O 







= Pin Numbers 
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SN54LS283/SN74LS283 


FUNCTIONAL DESCRIPTION — The LS283 adds two 4-bit binary words (A plus B) plus the incoming carry. The binary 
sum appears on the sum outputs (24 — 24) and outgoing carry (COUT) outputs. 


CIN+(A4+B4)+2(A9+B9)+4(A3+B3)+8(Aqt+Ba) = 244+229+423+824+16CQUT 


Where: (+) = plus 


Due to the symmetry of the binary add function the LS283 can be used with either all inputs and outputs active HIGH 
(positive logic) or with all inputs and outputs active LOW (negative logic). Note that with active HIGH inputs, Carry In can 
not be left open, but must be held LOW when no carry in is intended. 


Example: 


Cin| A1 A2 AZ Aq} By Ba BZ B4a| 21 XQ 2X 2X | CouT 


(10+9=19) 





(carry+5+6=1 2) 


Interchanging inputs of equal weight does not affect the operation, thus Cj, Ay, By, can be arbitrarity assigned to pins 7, 
5 or3. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5Vto+7.0 V 
*input Voltage (dc) —0.5 V to +15 V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5Vto +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Ejither Input Voltage limit or Input Current limit is sufficient to protect. the inputs. 


GUARANTEED OPERATING RANGES 







PART NUMBERS TEMPERATURE 










SN54LS283X —55°C to +125°C 


SN74LS283X O°C to +75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 
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SN54LS283/SN74LS283 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMIT: 
SYMBOL PARAMETER > 
Vin Input HIGH Voltage 


54 
Vib Input LOW Voltage 
74 


Vep Input Clamp Diode Voltage 


VoH Output HIGH Voltage a 


54,74 
74 


UNITS TEST CONDITIONS 


Guaranteed Input HIGH Voltage 
for All Inputs 


oO 
~ 


ofr N= 


Guaranteed Input LOW Voltage 
for All Inputs 


Ny 
NJ 


ss] | | | laplelelé) || |e 


Vec = MIN, liy =—18 mA 
Voc _ MIN, lon = —400 LA 
Vin = Vin OF Vie per Truth Table 


Vv lo = 4.0 mA} Voc = MIN, Vin = Vip or 
Vv io = 8.0 mA] Vi, per Truth Table 


Vcc = MAX, VIN =2.7V 


3.4 


VoL Output LOW Voltage 


Input HIGH Current 





NH 
Any Aor B 
Input LOW Current 
Ti Cin mA Vcc = MAX, VIN =0.4V 





Any Aor B 
' Output Short Circuit 
os Current (Note 4) 
lec Power Supply Current 


NOTES: 

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘worst case’ conditions. 

2. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 


3 
> 


Vec = MAX, VouT =O0V 


Ver = MAX, All Inputs = 0 V 
Voc = MAX, A Inputs = 4.5 V 


3/3 
>> 


operating ranges. 
3. Typical limits are at Voc = 5.0 V, Ta = 25°C. 
4. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C 


LIMITS 
PARAMETER UNITS 

jp amawere a a 
Propagation Delay, Cjy !nput 24 
to Any 2 Output 24 
Propagation Delay, Any A or B Input 24 
to Outputs 24 
Propagation Delay, Cy Input 17 
to Court Output 17 

Propagation Delay, Any A or B Input 17 

to Court Output 17 













SYMBOL TEST CONDITIONS 





Vec =5.0V 
C, = 15 pF 
Figures 1 and 2 












tPLH 





AC WAVEFORMS 
Vin 1.3V Vin 13V 
om TPHL a tPLH aa tPLH k= PHL 
Vout 13V Vout 13V 
Fig. 1 Fig. 2 
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SN54LS290/SN74LS290 


DECADE COUNTER 


SN54LS293/SN74LS293 


4-BIT BINARY COUNTER 


DESCRIPTION — The SN54LS290/SN74LS290 and SN54LS293/SN74LS293 are 
high-speed 4-bit ripple type counters partitioned into two sections. Each counter 
has a divide-by-two section and either a divide-by-five (LS290) or divide-by-eight 
(LS293) section which are triggered by a HIGH-to-LOW transition on the clock 
inputs. Each section can be used separately or tied together (Q to CP) to form BCD, 
Bi-quinary, or Modulo-16 counters. Both of the counters have a 2-input gated 
Master Reset (Clear), and the S290 also has a 2-input gated Master Set (Preset 9). 









© CORNER POWER PIN VERSIONS OF THE L$90 and LS93. 
@ LOW POWER CONSUMPTION .... TYPICALLY 45 mw 
@ HIGH COUNT RATES.... TYPICALLY 50 MHz 
© CHOICE OF COUNTING MODES. ... BCD, BI-QUINARY, BINARY, 
e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATIO : 
@ FULLY TTL AND CMOS COMPATIBLE NO 
PIN NAMES ov 

, LOADING (Note a) 





CP Clock ( coo. edge) Input to 





3.0 ULL. 1.5 ULL. 
a WA 
CP, 4 4 a ive LOW going edge) Input to 2.0 ULL. 2.0 ULL. 
-5 ae (LS290). 
CP, Clock (Active LOW going edge) Inputto = 1.0 ULL. 1.0 ULL. 
+ 8 Section (LS293). 
MR q1, MR9 Master Reset (Clear) Inputs 0.5 ULL. 0.25 ULL. 
MS, MSo Master Set (Preset-9, LS290). Inputs 0.5 U.L. 0.25 ULL. 
Qo Output from +2 Section (Notes b & c) 10 ULL. 5(2.5) U.L. 
Q,, Q9, Q3 Outputs from +5 & +8 Sections (Note b) 10 ULL. §(2.5) U.L. 
NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 


b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 


Temperature Ranges. 
c. The Qo Outputs are guaranteed to drive the full fan-out plus the CPy Input of the device. 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 














NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 






NC — No Internal Connection 
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CONNECTION DIAGRAM 
DIP (TOP VIEW) 





NC — No internal connection 
















LOGIC SYMBOL 


LS290 





12 13 





9 S$ 4 8 





Vec = Pin 14 
GND = Pin 7 
NC = Pins 2, 6 


- LS293 





Vcc =Pin 14 
GND = Pin 7 
NC = Pins 1, 2, 3, 6 







NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 









LS290 @ LS293 


LOGIC DIAGRAMS LS290 


O = Pin Numbers 
Vec = Pin 14 
GND=7 


© = Pin Numbers 
Vec = Pin 14 
GND =7 





FUNCTIONAL DESCRIPTION — The LS290 and LS293 are 4-bit ripple type Decade, and 4-Bit Binary counters 
respectively. Each device consists of four master/slave flip-flops which are internally connected to provide a divide-by-two 
section and a divide-by-five (LS290) or divide-by-eight (LS293) section. Each section has a separate clock input which 
initiates state changes of the counter on the HIGH-to-LOW clock transition. State changes of the QO outputs do not occur 
simultaneously because of internal ripple delays. Therefore, decoded output signals are subject to decoding spikes and should 
not be used for clocks or strobes. The Qo output of each device is designed and specified to drive the rated fan-out plus the 
CP, input of the device. 


A gated AND asynchronous Master Reset (MR4*MRo>) is provided on both counters which overrides the clocks and resets 
(clears) ali the flip-flops. A gated AND asynchronous Master Set (MS;*MSo) is provided on the LS290 which overrides the 
clocks and the MR inputs and sets the outputs to nine (HLLH). 


Since the output from the divide-by-two section is not internally connected to the succeeding stages, the devices may be 
operated in various counting modes: 


LS290 


A. BCD Decade (8421) Counter — the CP, input must be externally connected to the Qo output. The CPo input receives the 
incoming count and a BCD count sequence is produced. 

B. Symmetrical Bi-quinary Divide- -By-T -Ten Counter — The Q3 output must be externally connected to the CPy input. The 
input count is then applied to the CP, input and a divide-by-ten square wave is obtained at output Qp. 

C. Divide-By-Two and Divide-By-Five Counter — No external interconnections are required. The first flip-flop is used as a 
binary element for the divide-by-two function (CPp as the input and Qo as the output). The CP, input is used to obtain 
binary divide-by-five operation at the Q3 output. 


LS293 


A. 4-Bit Ripple Counter — The output Qp must be externally connected to input CP). The input count pulses are applied to 
input CPo9. Simultaneous division of 2, 4, 8, and 16 are performed at the Qo, Q1, Q2, and Q3 outputs as shown in the 
truth table. 

B. 3-Bit Ripple Counter — The input count pulses are applied to input CP,. Simultaneous frequency divisions of 2, 4, and 8 
are available at the Q;, Qo, and Q3 outputs. independent use of the first flip-flop is available if the reset function 
coincides with reset of the 3-bit ripple-through counter. 
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LS290 @ LS293. 


LS290 MODE SELECTION 
OUTPUTS 
rae [wre] |S ae 


LS$290 
BCD COUNT SEQUENCE 


OUTPUT 
COUNT 


Q, Q2 Q3 


& 


oe Fe Ee oe 
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NOTE: Output Qo is connected to 
Input CP; for BCD count. 


HIGH Voltage Level 
LOW Voltage Level 
Don't Care 


LS293 MODE SELECTION 


LS293 


TRUTH TABLE 
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Note: Output Qo connected to input CP,. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Vcc Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 


*Either Input Voltage limit or input Current limit is sufficient to protect the inputs. 
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-~65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to+15 V 
-30 mA to +5.0 mA 
-0.5 V to+10 V 
+50 mA 





LS290 @ LS293 


GUARANTEED OPERATING RANGES 


| SUPPLYVOLTAGE (Vee) VOLTAGE (Vec) 
ERS ; cc M TUR 
pis as ale anited 


SN54LS290X 
SN54LS293X 


SN74LS290X 
SN74LS293X 


—55°C to +125°C 


O°C to +75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL PARAMETER 


Vin Input HIGH Voltage 2.0 
54 
Vit Input LOW Voltage 
74 


Vep Input Clamp Diode Voltage 


VoH Output HIGH Voltage 
74 
54,74 
VoL Output LOW Voltage 7 
74 


Input HIGH Current 
MS, MR 
CPo 
CP, (LS290) 
CP, (LS293) 


N 
UNITS TEST CONDITIONS 


Guaranteed Input HIGH Voltage 
for All Inputs 


Uv 
fl 
~N 


Guaranteed Input LOW Voltage 
for All Inputs 


Voc = MIN, ty =-18 mA 
Voc = MIN, Ioy = —400 “A 

Vin = Vip OF Vip per Truth Table 

Vv Vcc = MIN, Vin = ViH or 
v Vi per Truth Table 


oO 
N 
oa 


Vec = MAX, VIN = 2.7V 


Vec = MAX, Vin = 
Vec = MAX, Vin = 
Vec = MAX, Vin 


MS, MR 
CPo, CPy (LS293) 
CP, (LS290) 

Input LOW Current 
MS, MR 
CPo 
CP, (LS290) 

CP, (LS293) 


Output Short Circuit 

Current (Note 4) 

Power Supply Current 
NOTES: 


. Conditions for testing, not shown in the table, are chosen to guarantee operation under ‘‘worst case’’ conditions. 

. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

. Typical limits are at Vcc = 5.0 V, Ta = 25°C, and maximum loading. 

. Not more than one output should be shorted at a time. 


3 
> 


Vec = MAX, VIN =0.4V 


Vec = MAX, Vout =OV 
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A Voc = MAX 
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LS290 @ LS293 


AC CHARACTERISTICS: Ta, = 25°C 


LIMITS 
SYMBOL PARAMETER LS290 | LS293 


CPo Input Count Frequency 
CP, Input Count Frequency 


Propagation Delay, 
CPo Input to Qo Output 


Propagation Delay, 
CP, Input to Q, Output 


Propagation Delay, 

CP, Input to Qo Output 
Propagation Delay, 

CP, Input to Q3 Output 
Propagation Delay, 

CPo Input to Q3 Output 

MS Input to Qo and Q3 Outputs 


MS Input to Qy and QoOutputs 
MR Input to Any Output 


3 
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LIMITS 
PARAMETER LS290 LS293 UNITS TEST CONDITIONS 


_ | MIN 
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RECOVERY TIME (tree) is defined as the minimum time required between the end of the reset pulse and the clock transition from HIGH-to- 
LOW in order to recognize and transfer H1GH data to the Q outputs. 


25 


AC WAVEFORMS 


1.3V 


|<— tw mia 
> 


| pote 


Fig. 1 


*The number of Clock Pulses required between the tout and tp) jy Measurements can be determined from the appropriate Truth Tables. 


Q, 93 


{LS290) 
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SN54LS295A/SN74LS295A 
4-BIT SHIFT REGISTERS WITH 3-STATE OUTPUTS 


DESCRIPTION — The SN54LS295A/SN74LS295A is a 4-Bit Shift Register with 
serial and parallel synchronous operating modes, and independent 3-state output 
buffers. The Parallel Enable input (PE) controls the shift-right or parallel load 
operation. All data transfers and shifting occur synchronous with the HIGH to 
LOW clock transition. 


LOGIC SYMBOL 


The 3-State output buffers are controlled by an active HIGH Output Enable input 
(EO). Disabling the output buffers does not affect the shifting or loading of input es PE Po Py P2 P3 
data, but it does inhibit serial expansion. 





The LS295 is fabricated with the Schottky barrier diode process for high speed and Qo Q1 Q2 03 
is completely compatible with all Motorola TTL families. eae 
1 
e FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA TRANSFERS 
e NEGATIVE EDGE-TRIGGERED CLOCK INPUT Vec = Pin 14 
e PARALLEL ENABLE MODE CONTROL INPUT GND =Pin 7 
e 3-STATE BUSSABLE OUTPUT BUFFERS 
e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS CONNECTION DIAGRAM 
e FULLY TTL AND CMOS COMPATIBLE DIP (TOP VIEW) 
PIN NAMES LOADING (Note a) 
PE Parallel Enable Input 0.5 U.L. 0.25 U.L. 
Ds Serial Data Input 0.5 ULL. 0.25 U.L. 
Pg —P3 Parallel Data Input 0.5 ULL. 0.25 U.L. 
Eo Output Enable Input 0.5 ULL. 0.25 U.L. 
CP Clock Pulse (Active LOW Going 0.5 ULL. 0.25 ULL. 
Edge) Input 
Qp — Q3 3-State Outputs (Note b) 65(25) U.L. 5(2.5) U.L. 
NOTES: 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military (54) and 65 U.L. 
for Commercial (74) Temperature Ranges. 


LOGIC DIAGRAM 





Vcc = Pin 14 
GND=Pin 7 


© — = Pin Numbers 
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SN54LS295A/SN74LS295A 


FUNCTIONAL DESCRIPTION — The LS295 is a 4-Bit Shift Register with serial and parallel synchronous operating modes. 
It has a Serial Data (Dg) and four Parallel Data (Pg — P3) inputs and four parallel 3-State output buffers (Qqg — Q3). When 
the Parallel Enable (PE) input is HIGH, data is transferred from the Parallel Data Inputs (Pg — P3) into the register 
synchronous with the HIGH to LOW transition of the Clock (CP). When the PE is LOW, a HIGH to LOW transition on the 
clock transfers the serial data on the Dg input to register Og, and shifts data from Op to Qy, Qy to Qg and Oz to O3. The 
input data and parallel enable are fully edge-triggered and must be stable only one set-up time before the HIGH to LOW clock 
transition. 


The 3-State output buffers are controlled by an active HIGH Output Enable input (EQ). When the Eo is HIGH, the four 
register outputs appear at the Qg — Og outputs. When Eg is LOW, the outputs are forced to a high impedance “off” state. 
The 3-State output buffers are completely independent of the register operation, i.e., the input transitions on the Eg input 
do not affect the serial or parallel data transfers of the register. If the outputs are tied together, all but one device must be in 
the high impedance state to avoid high currents that would exceed the maximum ratings. Designers should ensure that Output 
Enable signals to 3-State devices whose outputs are tied together are designed so there is no overlap. 


MODE SELECT — TRUTH TABLE 


OPERATING MODE 


Shift Right 


*The indicated data appears at the Q outputs when Eo is HIGH. When 
Eo is LOW, the indicated data is loaded into the register, but the 
outputs are all forced to the high impedance “‘off”’ state. 


L LOW Voltage Levels 
H HIGH Voltage Levels 
x Don’t Care 


PAld,) = Lower case letters indicate the state of the referenced input 
(or output) one set-up time prior to the HIGH to LOW clock 
transition. 


{= LOW Voltage Level one set-up time prior to the HIGH to LOW 
clock transition. 

h = HIGH Voltage Level one set-up time prior to the HIGH to LOW 
clock transition. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 V to +7.0 V 
*input Voltage (dc) —0.5 Vto +15 V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 Vto +10 V 
Output Current (dc) (Output LOW) +50 mA 


a 
* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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SN54LS295A/SN74LS295A 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 
a LS 


4.75 V 












PART NUMBERS TEMPERATURE 


—§5°C to + 125°C 
O°C to +75°C 


SN54LS295AX 
SN74LS295AX 














X = package type; W for Fiatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 


MA UNITS | TEST CONDITIONS 


SYMBOL PARAMETER 


E 


° 
N x 


Guaranteed Input HIGH Voltage 


V Input HIGH Volt 
IH pu age for All Inputs 


Guaranteed Input LOW Voltage 


Input LOW Vol 
put LO oltage for All Inputs 


MIN | 
2.0 
eee 
asl 
Input Clamp Diode Voltage 
54 
2a 
atl 


< 
road 
~“] oO 
ds 









Vep V Vcec = MIN, lIN =-18 mA 
| =-1.0 mA | Ver = MIN, Ving = Vey or 
Vou Output HIGH Voltage V cc IN IH 





& 


lon = —2.6 mA | Vj, per Truth Table 
04] v_ | lol =4.0mA_ [Vcc = MIN, Vin = Vin or 
Vv lo. = 8.0mA | Vj, per Truth Table 


ud | Voc = MAX, Vout = 2.4 V, Ve = 2.0 V 
HA | Voc = MAX, Vout = 0.5 V, Ve = 2.0 V 
uA | Voc = MAX, Vin = 2.7 V 
A | Voc = MAX, Vin = 10 V 
A | Voc = MAX, Vix = 0.4 V 


54,74 
Output LOW Voitage 


< 
ie) 
m 
~s 


N 
jo} 


lozH Output Off Current HIGH 


tO 
(o} 


{ozL Output Off. Current LOW 


RO 
oO 


NH Input HIGH Current 


HL Input LOW Current 


Output Short Circuit 


j A |} Voc = MAX =OV 
0s Current (Note 4) m cc = MAX, Vout 





Power Supply Current, 
Outputs HIGH 
cc Power Supply Current, 
Outputs Off 


N 
w 


mA Vec = MAX, Vep =fL. Ve =45V 


NR 
oi 


mA Veco = MAX, Vep =0 V, Ve=OV 


3 





NOTES: 

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions. 

2. The specified LIMITS represent the ‘‘worst case” value for the parameter. Since these ‘‘worst case” values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

.3. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

4. Not more than one output should be shorted at a time. 










AC CHARACTERISTICS: Ta = 25°C 


PARAMETER 


IN lt > — il 

Shift Frequency | 30 | MHz 
Propagation Delay, 
Clock to Output 













SYMBOL LIMITS 





SN54LS295A/SN74LS295A 


AC CHARACTERISTICS: for 3-State Output Buffers (See Page 5-98 for Waveforms) 


SYMBOL PARAMETER TEST CONDITIONS 
Output Enable Time Figs. 4, 5 
to HIGH Level 
Output Enable Time Figs. 3, 5 
to LOW Level 
Output Disable Time Figs. 3, 5 
from LOW Level 
Output Disable Time 
from HIGH Level 


t,,(Data) Hold Time, Data to Clock 
Set-up Time, PE to Clock 
Hold Time, PE to Clock 


DEFINITION OF TERMS 
SET-UP TIME (t,) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from HIGH to LOW in order to be recognized and transferred to the outputs. 


HOLD TIME (t;,) — is defined as the minimum time following the clock transition from HIGH to LOW that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from HIGH to LOW and still be recognized. 


AC WAVEFORMS 


The shaded areas indicate when the input is permitted to change for predictable output performance. 


*The Data Input is Dg for PE = LOW and P,, for PE = HIGH. 
Fig. 1 


LOAD SERIAL DATA 
SHIFT RIGHT LOAD PARALLEL DATA 


A 


= 
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SN54LS298/SN74LS298 


QUAD 2-PORT REGISTER 
(QUAD 2-INPUT MULTIPLEXER WITH STORAGE) 


DESCRIPTION — The SN54LS298/SN74LS298 is a Quad 2-Port Register. It is the 

: : : : : LOGIC SYMBOL 
logical equivalent of a quad 2-input multiplexer followed by a quad 4-bit edge- 
triggered register. A Common Select input selects between two 4-bit input ports 
(data sources). The selected data is transferred to the output register synchronous 
with the HIGH to LOW transition of the Clock input. 


The LS298 is fabricated with the Schottky barrier process for high speed and is 
completely compatible with all Motorola TTL families. 






e SELECT FROM TWO DATA SOURCES TSaI FUE ar FRERPONEPT 
e FULLY EDGE-TRIGGERED OPERATION See ae ee 
e TYPICAL POWER DISSIPATION OF 65 mW 

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

e FULLY TTL AND CMOS COMPATIBLE 

PIN NAMES LOADING (Note a) 

S Common Select Input 0.25 U.L. 

cP Clock (Active LOW Going Edge) !nput 0.5 ULL. 0.25 U.L. 

loa — og Data Inputs From Source 0 0.5 ULL. 0.25 U.L. 

l4a—laq Data Inputs From Source 1 0.5 ULL. 0.25 U.L. Vcc = Pin 16 
Q,-Qy Register Outputs (Note b) 10 ULL. 5(2.5) U.L. GND =Pin 8 
NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


LOGIC OR BLOCK DIAGRAM 
2 3@: 7 Os Oe Oe : 


? binky 


Vec = Pin 16 o> 


GND=Pin 8 


©O = Pin Numbers @ 


Op Q, 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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SN54LS298/SN74LS298 


FUNCTIONAL DESCRIPTION — The LS298 is a high speed Quad 2-Port Register. It selects four bits of data from two 
sources (ports) under the contro! of a Common Select Input (S). The selected data is transferred to the 4-bit output register 
synchronous with the HIGH to LOW transition of the Clock input (CP). The 4-bit output register is fully edge-triggered. The 
Data inputs (1) and Select input (S) must be stable only one set-up time prior to the HIGH to LOW transition of the clock for 
predictable operation. 


TRUTH TABLE 


INPUTS OUTPUT 
h 
x 
Xx 


= nal L LOW Voltage Level 
| | 4 H HIGH Voltage Level 
Xx Don’t Care 
| x 1 = LOW Voltage Level one set-up time prior to the 
h ' HIGH to LOW clock transition. 
h = HIGH Voltage Level one set-up time prior to the 
h h HIGH to LOW clock transition. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Voc Pin Potential to Ground Pin —0.5Vto+7.0V 
*Input Voltage (dc) —0.5Vtot15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5Vtot10 V 
Output Current (dc) (Output LOW) +50 mA 


*Ejther Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 


PART NUMBERS TEMPERATURE 


SN54LS298X 5.0V —55°C to +125°C 
SN74LS298X 5.0V O°C to +75°C 


X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


UNITS TEST CONDITIONS 


SYMBOL PARAMETER MAX 





Guaranteed Input HIGH Threshold 
Voltage for All Inputs 


Guaranteed Input LOW Threshold 
Voltage for All Inputs 


NN Ny 
Nj o ° 


Vin Input HIGH Voltage 
ViL 


54 
Input LOW Voltage 
74 


Vep Input Clamp Diode Voltage 


VoH Output HIGH Voltage 
74 


54,74 
74 


Vec = MIN, UT =-18 mA 
Vec = MIN, lou = -400 UA 
Vin = Ving OF Vip per Truth Table 


_ ov lot = 4.0 mA | Vcc = MIN, Vin = Vin or 
Vv lol = 8.0 mA | Vi, per Truth Table 


uA Voc = MAX, Viy = 2.7 V 
mA Voc = MAX, Vin = 10 V 
mA Vec = MAX, VIN =0.4V 


Output LOW Voltage 


Input HIGH Current 


Input LOW Current 


Output Short Circuit 
Current (Note 4) 


Power Supply Current 


—15 mA Vcc oe! MAX, VouT =OV 


mA Vec = MAX 


Oo 
oi v 
= > °o “N 
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SN54LS298/SN74LS298 


NOTES: 
Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case” conditions. 
The specified LIMITS represent the “worst case” value for the parameter. Since these “worst case’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 
Typical limits are at Voc = 5.0 V, Ta = 25°C. 
Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C 


LIMITS 
Propagation Delay, 
Clock to Output 


AC SET-UP REQUIREMENTS: Ta, = 25°C 


SYMBOL PARAMETER — 


ee a 
a er 


th(Data) Hold Time, Data to Clock 
Set-up Time, Select to Clock 


Hold Time, Select to Ciock 


DEFINITIONS OF TERMS: 


SET-UP TIME (ts) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 


HOLD TIME (t,,) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 


AC WAVEFORMS 


*The shaded areas indicate when the input is permitted to 
change for predictable output performance. 


Fig. 1 Fig. 2 
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SN54LS670/SN74LS670 
4x4 REGISTER FILE WITH 3-STATE OUTPUTS 


DESCRIPTION — The TTL/MSI SN54LS670/SN74LS670 is a high-speed, low- 
power 4 x 4 Register File organized as four words by four bits. Separate read and 
write inputs, both address and enable, allow simultaneous read and write operation. 


The 3-state outputs make it possible to connect up to 128 outputs to increase the 
word capacity up to 512 words. Any number of these devices can be operated in 
parallel to generate an n-bit length. 


The SN54LS170/SN74LS170 provides a similar function to this device but it 
features open-collector outputs. 





@ SIMULTANEOUS READ/WRITE OPERATION 

@ EXPANDABLE TO 512 WORDS BY n-BiITS 

e@ TYPICAL ACCESS TIME OF 20 ns 

@ 3-STATE OUTPUTS FOR EXPANSION 

@ TYPICAL POWER DISSIPATION OF 125 mW 

PIN NAMES LOADING (Note a) 
D7-D4 Data Inputs 0.5 ULL. 0.25 U.L. 
Wa, Weg Write Address Inputs 0.5 ULL. 0.25 U.L. 
Ew Write Enable (Active LOW) Input 1.0 ULL. 0.5 ULL. 
Ra, Rg Read Address Inputs 0.5 ULL. 0.25 U.L. 
Er Read Enable (Active LOW) Input 1.5 U.L. 0.75 U.L. 
Q1-04 Outputs (Note b) 65(25) U.L. §(2.5) ULL. 
NOTES: 


a 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5.0 U.L. for Commercial (74) 
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military and 65 U.L. for 
Commercial Temperature Ranges. 
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LOGIC SYMBOL 


D; 02 Dg D4 


Q1 Q2 Q3 4 


Vcc = Pin 16 
GND = Pin8 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 





IC DIAGRAM 


Po tl 





SN54LS670/SN74LS670 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vec Pin Potential to Ground Pin —0.5 V to +7.0V 
*Input Voltage (dc) —0.5 V to +15 V 
*tnput Current (dc) ~30 mA to +5.0mA 
Voltage Applied to Outputs (Output HIGH) —0.5V to +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


PART NUMBERS TEMPERATURE 


SN74LS670X 4.75 V 5.25 V O°C to +75°C 


x = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTIC OVER So ae TEMPERATURE RANGE (unless otherwise specified 


| oumits 
SYMBOL. PARAMETER 
Vin Input HIGH Voltage 


Input LOW Voltage 


Input Clamp | Input Clamp Diode Voltage Gene base eRe 


Output HIGH Voltage 
Output LOW Vol a coon 
ora ee Pooeed 


Output Off Current HIGH 
Output Off Current LOW 


UNITS | TEST CONDITIONS 


Guaranteed Input HIGH Voltage 
for All Inputs 


Guaranteed Input LOW Voltage 
for All Inputs 


Vec = MIN, lin = 18 mA 


Voc = MIN, Vin = Viy or 
Vip per Truth Table 
Vcc = MIN, Vin = Vin or 
Vit per Truth Table 


UA Vec = MAX, VouT = 2.7 V, Vin =2V 
A Voc = MAX, VouT =0.4 V, Vin =2V 


°o 


1 z 
road = a 


o|o 
an vu 


a 


Ny 
(o) 





| 
N 
°o 
pp 


Input HIGH Current 
Any D, R or W 


Input LOW Current 
Any D, R or W 


Vec = MAX, VIN 2.7V 





Voc = MAX, Vin = 10 V 





Vec = MAX, VIN =0.4V 


Vcc = MAX, VouT =OV 


Output Short Circuit 
Current (Note 4) 


Power Supply Current Vcc = MAX (Note 5) 


NOTES: 

. Conditions for testing, not shown in the table, are chosen to guarantee operation under ‘‘worst case’”’ conditions. 

. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case” values normally occur at the tempera- 
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

Typical limits are at Voc = 5.0 V, Ta = 25°C, and maximum loading. 

. Not more than one output should be shorted at a time. 

. Maximum Icc is guaranteed for the following worst-case conditions: 4.5 V is applied to ail data inputs and both enable inputs, al! address 
inputs are grounded and all outputs are open. 
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AC CHARACTERISTICS: Ta = 25°C 


LIMITS 
sananeren aa aa 
romans SS 
Propagation Delay 
Ra or Re to O Outputs 
Propagation Delay, 
Negative Going Ey, to OQ Outputs 
Propagation Delay, 
Data Inputs to Q Outputs 
Enable Time, Negative Going 
Ep to O Outputs Going HIGH 


Enable Time, Negative Going 
Ep to OQ Outputs Going LOW 










SYMBOL 






tPLH 





Rp =2kQ 
See Page 5-98 for 


Fig. 4,5| 3-state Wave- 
forms (Figs. 
3,4,5) 










Disable Time, Positive Going 
Ep to Q Outputs Off from HIGH 







s 


Disable Time, Positive Going 


Ep to O Outputs Off from LOW 


'PLZ 






AC SET-UP REQUIREMENTS: Ta = 25°C 


LIMITS 
NIT: 


Pulse Width (LOW) for Ey 25 
Set-Up Time, Data Inputs with 

Respect to Positive-Going Ey, 

Hold Time, Data Inputs with 

Respect to Positive-Going Ey, 









SYMBOL TEST CONDITIONS 















Vec =5V 
t,wW Set-Up Time, Write Select Inputs Fig. 6 
(Note 8) Wa and Wg with Respect to Negative- (Note 9) 









Going Ey 





thw Hold Time, Write Select Inputs 
Wa and Wg with Respect to Positive- 


Going Ew 






NOTES: 

6. The Data to Enable Set-up Time is defined as the time required for the logic level to be present at the Data input prior to the enable 
transition from LOW to HIGH in order for the latch to recognize and store the new data. 

7. The Hold Time (tp) is defined as the minimum time following the enable transition from LOW to HIGH that the logic level must be 
maintained at the input in order to ensure continued recognition. 

8. The Address to Enable Set-up Time is the time before the HIGH to LOW Enable transition that the Address must be stable so that the 
correct latch is addressed and the other latches are not-affected. 

9. The shaded areas indicate when the input are permitted to change for predictable output performance. 
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LOW POWER SCHOTTKY ORDERING INFORMATION 


TEMPERATURE RANGE SN74LS00 N 

54LS = Military —55°C to +125°C | 
74LS = Commercial 0°C to +75°C P ue 
PACKAGE STYLE Havice 

J = Dual In-Line — Ceramic (Hermetic) Type 

N = Dual In-Line — Plastic Temperature 
W = Flat Package Range 


In order to accommodate varying die sizes (SSI, MSI, etc.), numbers of pins (14, 16, 24, etc.), and package outlines, a num- 
ber of different package forms are required in each of the three package style categories. 


The following lists indicate the specific package dimensions currently used for each device type. The detailed outline 
corresponding to each package code is shown at the end of this section. 












COMMERCIAL (74LS)/INDUSTRIAL 
0°C to +75°C 


CERAMIC PLASTIC 
DIP (J) DIP (N) 


MILITARY (54LS) 
—55°C to +125°C 


DEVICE 
CERAMIC 
DIP (J) FLATPAK (W) 


DEVICE 















FLATPAK (W) 

















54LS00 74LS00 

54LS02 74LS02 717 
54LS03 74LS03 717 
54LS04 74LS04 717 
54LS05 74LS05 717 
54LS08 74LS08 717 
54LS09 74LS09 717 
54LS10 74LS10 717 
54LS11 74LS11 717 
54LS14 74LS14 717 
54LS15 74LS15 17 
54LS20 74LS20 717 
54LS21 74LS21 717 
54LS22 74LS22 7 
54LS27 74LS27 PEt 
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MILITARY (54LS) COMMERCIAL (74LS)/INDUSTRIAL 
55° ie) fe) 
Beat 55°C to +125°C eOreE 0°C to +75°C 
CERAMIC CERAMIC PLASTIC 
DIP). | PPA) ave pip (Nn). | FLATPAK (Ww) 


54LS30 74LS30 717 
54LS32 74LS32 717 
54LS37 74LS37 717 
54LS38 74LS38 717 
54LS40 74LS40 717 
54LS42 74LS42 650 
54LS51 74LS51 717 
54LS54 74LS54 717 
54LS55 74LS55 717 
54LS73 74LS73 717 
54LS74 74LS74 77 
54LS83 74LS83 650 
54LS86 74LS86 17 
54LS90 74LS90 717 
54LS92 74LS92 717 
54LS93 74LS93 717 
54LS95 74LS95 17 
54LS109 74LS109 650 
54LS112 74LS112 650 
54LS113 74LS113 17 
54LS114 74LS114 717 
54LS125 74LS125 717 
54LS126 74LS126 17 
54LS132 74LS132 17 
54LS133 74LS133 650 
54LS136 74LS136 17 
54LS138 74LS138 650 
54LS139 74LS139 650 
54LS151 74LS151 650 
54LS152 74LS152 717 
54LS153 74LS153 650 
54LS155 74LS155 650 
54LS156 74LS156 650 
54LS157 74LS157 650 
54LS158 74LS158 650 
54LS160 74LS160 650 
54LS161 74LS161 650 
54LS162 74LS162 650 
54LS163 74LS163 650 
54LS164 74LS164 717 
54LS170 74LS170 650 
54L$174 74LS174 650 
54LS175 74LS175 650 
54LS181 74LS181 652 





54L$190 74LS190 650 
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DEVICE 


54LS191 
54LS192 
54LS193 
54LS194 
5415195 


54LS196 
54LS197 
54LS251 
5415253 
54LS257 


53LS258 
54LS259 
54LS266 
54LS279 
54LS283 


54LS290 
54LS293 
54LS295 
54LS298 
54LS365 


54LS366 
54LS367 
54LS368 
54LS670 


MILITARY (54LS) 
55°C to +125°C 


CERAMIC 
DIP (J) FLATPAK (W) 


DEVICE 


74LS191 
74LS192 
74LS193 
74LS 194 
74LS195 


74LS196 
74LS197 
74LS251 
74LS253 
74LS257 


74LS258 
74LS259 
74LS266 
74LS279 
74LS283 


74LS290 
74LS293 
74LS295 
74LS298 
74LS365 


74LS366 
74LS367 
74LS368 
74LS670 
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CERAMIC 
DIP (J) 





0°C to +75°C 


PLASTIC 
DIP (N) 
648 


COMMERCIAL (74LS)/INDUSTRIAL 


FLATPAK (W) 


650 
650 
650 
650 
717 
717 
650 
650 
650 


650 
650 
717 
650 
650 


717 
717 
717 
650 
650 


650 
650 
650 
650 


PACKAGE OUTLINES 


Case 620 
16-Pin Ceramic Dual In-Line 

















1 LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION 

2 PKG. INDEX: NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT 

3 DIM”L" TO CENTER OF LEADS 
WHEN FORMED PARALLEL 








Case 623 
24-Pin Ceramic Dual In-Line 


MILLIMETERS| INCHES _ | 





1. DIM “L" TO CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 

2, LEADS WITHIN 0.13 mm 
{0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 
(WHEN FORMED PARALLEL) 


[ 8 | 
| | 
|_o | 
[ F | 
|G | 
|_3 | 
|_K | 
= 
LM | 
LN | 


\—] 
oj—lele| 
Brcceeeeee 
iS io 
54 Par 
ie oS 
i=] 


1.27 


Case 632-02 
14-Pin Ceramic Dual In-Line 


om MELIHETERS [INCHES | 


[MIN [MAX | MIN | MAX | 
| a_|ies [199 | 0.660 | | 0.785 | 
oie tt | 0.220 | one 


[| | 5.08 | —_| 
[0 | 0.381] 0.584] 0.015 | 0.023 | 
[0.030 | 0.070 | 





All JEDEC dimensionsand notes apply. 
SEATING 
PLANE 





PACKAGE OUTLINES 


Case 632-02 
14-Pin Ceramic Dual In-Line 


ee Bae 
eee 


o 

[—-] 
se 
i=] 
i) 
I= -3 
1%) 
BF 


i} 
w 
S| 
=) 
iC 
[72) 
ic: 


N 
od 


ano ie 

' 1 1 

a~lebe | Ra eae \ All JEDEC dimensions and notes apply. 
PLANE 


‘BE 
Bay 


Case 646 
14-Pin Plastic Dual In-Line 


NOTES: 


1. LEADS WITHIN 0.13 mm F 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING c 
PLANE AT MAXIMUM mi 
MATERIAL CONDITION. 
. DIMENSION “t” TO \ 
K 


CENTER OF LEADS 14 
WHEN FORMED HE- 1g oe | a 


PARALLEL 


Case 648 
16-Pin Plastic Dual In-Line 


MILLIMETERS] INCHES | 


io 
C=] 

5 
S\2|S!9|o 
io — ico 


j=] 
— 
io 
= 
j=] 
ic 
cd 











CENTER OF LEADS 
WHEN FORMED 
PARALLEL 


io|o 
le 
faa 'D 
len oo 
i> i= 
= = 
= 3 
=) In 


Lt 
1. LEADS WITHIN 0.13 mm is —| 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING i . 
PLANE AT MAXIMUM { 5 
MATERIAL CONDITION. — 
2. DIMENSION “L” TO uf | | | 0.51 | 1.02 | 
K on Ser M ie 
PLANE 


a lel Bie SEATING [0.51 | 0.76 | 
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PACKAGE OUTLINES 


Case 649 
24-Pin Plastic Dual In-Line 








MILLIMETERS INCHES 




















0.100 BSC 
0.085 
I. . 0.012 
NOTES: . 0.135 
1, LEADS WITHIN 0.13 mm (0,005) 
RADIUS OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 
2. DIMENSION “L TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 



































Case 650 
16-Pin Ceramic 


MILLIMETERS| INCHES | 
[ MIN | 


9.40 | 10.16 | 0.370 | 0.400 | 
.22 | 6.60 | 


| 2.03 | 0.060 | 0.080 | 
0.015 | 0.019 


0.64 | 0.89 
6.35 | 9.40.} 0.250 | 0-370 


1ig92[ - [0745[ - 
NOTES: . - | ost] ~ [0020 
1, LEAD NO: 1 IDENTIFIED BY TAB ae Poole 
ON LEAD OR DOT ON COVER. g B 
2. LEADS WITHIN 0.13 mm (0.005) 


TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 









































Case 652 
24-Pin Ceramic 











NOTES: 
1. LEADS WITHIN 0.25 mm (0.010) 
TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 





























0.010 [0.025 , 
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